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A numerical model was developed for the Mobile Bay system to investigate the
impacts associated with certain system alterations. The Adaptive Hydraulics (AdH) Code
was used to validate the numerical model for hydrodynamics and transport. Due to the
physics based nature of the AdH numerical model, the validated model could be altered
to represent the plan conditions (removal of the Mobile Bay Causeway). Comparisons of
the base and plan model results indicate the impacts of removing the causeway are not
widespread and are primarily limited to Chocolatta Bay and the areas adjacent to the
causeway. The model results suggest an increased exchange of water between
Chocolatta Bay (north of the causeway) and Mobile Bay for the removed causeway
configuration. Chocolatta Bay also experiences an increased inflow from the river
systems which result in increased suspended sediment concentrations and sediment
deposition.
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CHAPTER I
INTRODUCTION

Background
The Mobile Bay estuary is located in the central portion of the northern coast of
the Gulf of Mexico. The Mobile River Basin is the sixth largest river basin in the United
States (Lamb, 1979) encompassing 44,000 square miles in parts of Alabama, Georgia,
Mississippi and Tennessee (Atkins et al. 2004). Approximately 70 percent of the basin
lies in Alabama, 14 percent in Mississippi, 13 percent in Georgia and 2 percent in
Tennessee with the major land uses being forested land (70 percent), agricultural land (26
percent) and urban areas (3 percent) (Johnson et al. 2002). The present site of the city of
Mobile was established in 1711 and became a major port specializing in timber when the
first ship channel was dredged in 1830 (U.S. Department of Commerce, 1990).
The importance of the Mobile Bay system was exemplified when the
Environmental Protection Agency designated the Mobile-Tensaw Delta and the Mobile
Bay as an Estuary of National Significance in 1995 by establishing the Mobile Bay
National Estuary Program (Valentine and Sklenar, 2006). The Mobile-Tensaw River
Delta, with 681 km2 (168,250 acres) of wetlands and bottomland hardwood forest, is
designated as a National Natural Landmark. The importance of the Mobile Bay system is
also apparent through the numerous studies that have been performed for the Mobile Bay
system ranging from physical model studies (Lawing et al., 1975; Berger and Trawle,
1

1977; Berger and Boland, 1979) to more recent numerical model studies (Blumberg et al.,
2001).
Mobile Bay is primarily under the influence of a daily astronomical tide with a
mean range of 0.4 m (1.3 ft), a maximum tropic tide range of 0.8 m (2.6 ft), and a
minimum equatorial tide range of less than 0.1 m (less than 0.2 ft) (U.S. Department of
Commerce, 1990). The average discharge of the system for the period 1929 to 1983 was
1,848 cms (65,261 cfs) but the annual discharge varies considerably from year to year
(Schroeder and Wiseman 1986). The Mobile Bay system can range from vertically
homogenous to highly stratified as documented by Blumberg et al. (2001), Ryan (1969),
Zhao and Chen (2008), and U.S. Department of Commerce (1990).
Man has made numerous modifications to the Mobile Bay system throughout the
years. The first ship channel was dredged in 1830 and has been enlarged numerous times
over the years impacting the circulation, salinity and sedimentation in the system. Since
1923, some 20 large dams and other major water control structures have been built on the
Delta’s feeder systems (Valentine and Sklenar, 2006). Construction of the Mobile Bay
Causeway was begun in 1926 and completed in 1927 (Coastal Programs Section, 2002)
permanently separating Chocolatta Bay from the larger Mobile Bay to the south (Figure
1). These hydrological modifications have potentially altered the ecological function and
biodiversity of one of North America’s largest, most productive and diverse estuaries, on
a local and system-wide basis. (Valentine and Sklenar, 2006). This model study will
investigate the impacts of removing the Highway 90 causeway separating Chocolatta Bay
from the greater Mobile Bay (Figure 1). The primary focus will be on the hydrodynamic

2

and transport behavior for the existing conditions and alternative (removed causeway)
configurations within the Mobile Bay system.

Figure 1
Location of Mobile Bay causeway and inflow tributaries

3

Study Objective
The Mobile Bay Estuary Program has identified the degradation of water quality,
loss of habitat, and shoreline recession as the top environmental issues in the estuary
(MBNEP, 2002). As such, this model study seeks to investigate the hydrodynamic,
salinity and sediment impacts of removing the Highway 90 causeway. This thesis
presents the impacts of the Mobile Bay Causeway on Chocolatta Bay and surrounding
areas thereby providing important information to the local Mobile Bay water resources
community.

Approach
Data sources and acquisition, and model development methods using the twodimensional module of the Adaptive Hydraulics numerical model code (AdH), are
described in detail in Chapters II – IV, with the model validation included in Chapter V.
The design alternative is discussed in Chapter VI with base versus plan (removed
causeway) model comparisons provided in Chapter VII. The resulting conclusions for
this project are presented in Chapter VIII.

Numerical Model
This modeling study is an additional application of the Adaptive Hydraulics
(AdH) code to the numerous ones already completed. AdH has been utilized to study
varied phenomena such as dam break (Savant et al., 2010), estuarine circulation
(McAlpin et al., 2009; Tate et al., 2010; Martin et al., 2010), riverine flow (Stockstill and
Vaughan, 2009; Stockstill et al., 2010), and others. Mobile Bay is regularly stratified
(Blumberg et al. (2001), Ryan (1969), Zhao and Chen (2008), and others) making the
4

application of a two dimensional model suspect for the larger system, but the study area
for this particular study is in the upper bay, away from the ship channel. A two month
(January and February of 2008) three dimensional model simulation was performed and
exhibited no stratification for the areas near the Mobile Bay Causeway indicating the
appropriateness of utilizing the two dimensional module within AdH for this location. A
brief discussion of the AdH (Version 3.31) model is provided in Appendix C but
additional information can be accessed via the internet at https://adh.usace.army.mil.

Description of Site
The project study area, shown in Figure 2, consists of the southern portions of the
Mobile River, the Tensaw River (which separates into the Tensaw, Apalachee and the
Blakeley Rivers prior to entering Mobile Bay) and the entirety of Mobile Bay. The
Mobile Bay ship channel starts in the Gulf of Mexico and proceeds northward between
Dauphin Island and Fort Morgan. The navigation channel branches just south of Giallard
Island with the Theodore ship channel proceeding to the west and the Mobile Bay ship
channel continuing to the north and up the Mobile River. The Gulf Intracoastal
Waterway (GIWW) extends across the southern portion of the bay from the Mississippi
Sound and continuing to the east through Bon Secour Bay. The primary purpose of this
study is to investigate the impacts of the Mobile Bay causeway, located in the northern
portion of Mobile Bay, and the impacts associated with the possible removal of this
causeway. The causeway, shown in Figure 3, is an impermeable obstruction that
separates Chocolatta Bay from Mobile Bay.

5

Figure 2
Study area location map
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Figure 3
Mobile Bay Causeway
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CHAPTER II
FIELD DATA

Water Surface Elevation Data
The National Oceanic and Atmospheric Administration (NOAA) maintains
numerous water related gages (hydrodynamic, salinity and meteorological) throughout
the United States. Some of these gages are in the current AdH model domain and as such
were utilized in the numerical model validation. In addition to the NOAA gages, the U.S.
Army Corp of Engineers, Mobile District (SAM) maintains gages in and around the
Mobile Bay area. These gages were also utilized in the numerical model validation. The
water surface gage locations are provided as latitude and longitude in Table 1 and shown
in Figure 4.

Table 1
Latitudes and longitudes of water surface elevation gages
Gage Name

Latitude

Longitude

State Docks (NOAA)

30.708 N

88.043 W

Coast Guard Sector Mobile (SAM)

30.648 N

88.058 W

McNally (SAM)

30.594 N

88.034 W

Middle Bay (SAM)

30.445 N

88.010 W

Weeks Bay (NOAA)

30.417 N

87.825 W

Dauphin Island (SAM)

30.251 N

88.079 W

Dauphin Island (NOAA)

30.250 N

88.075 W
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Figure 4
Water surface elevation gage locations
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Current Data
The NOAA PORTS website
(http://tidesandcurrents.noaa.gov/ports/index.shtml?port=mb) maintains current
measurement data for three locations within the modeling domain for this study
(MB0101, MB0301, and MB0401). These locations had current measurements for the
most of the 2009 and 2010 simulated time periods. These meters provided near surface
current measurements at the specified locations.
In addition to the three previously mentioned current meters, there was a
circulation study (Mobile Bay 2011 Circulation Survey http://tidesandcurrents.noaa.gov/cdata/StationList?type=Current%20Data&filter=survey
&pid=14) that deployed three additional current meters (MOB1101, MOB1104, and
MOB1106). These current meters provided velocity measurements at several varying
depths. These measurements were used to determine a depth averaged x and y velocity
component which were compared to the depth averaged model results. The locations for
all six current meters are shown in Figure 5 and listed in Table 2.

Table 2
Latitudes and longitudes for current meters
Gage Name
MOB1106

Latitude
30.289 N

Longitude
88.129 W

MOB1104

30.222 N

88.371 W

MOB1101

30.227 N

88.035 W

MB0401

30.664 N

88.032 W

MB0301

30.721 N

88.043 W

MB0101

30.125 N

88.069 W

10

Figure 5
Current meter locations
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Salinity Data
In addition to the previously mentioned water surface elevation gages, NOAA
maintains several buoys that collect salinity measurements. These salinity measurements
were utilized in the salinity validation. Their locations are shown in Figure 6 and listed
in Table 3.

Table 3
Latitudes and Longitudes of salinity gages
Gage Name

Latitude

Longitude

dpha1

30.248 N

88.073 W

bsca1

30.329 N

87.829 W

wkqa1

30.416 N

87.823 W

mbla1

30.437 N

88.012 W

mhpa1

30.667 N

87.936 W

State Docks

30.708 N

88.043 W

12

Figure 6
Salinity gage locations
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Dredge Data
SAM provided dredging records for a previous model study (Brown, 2007). The
dredging data were broken into annual dredged quantities per river reach or sub-basin.
The seven river reaches are shown in Figure 7. Dredge volumes were provided for 1960
to 2004. The available data were utilized to obtain an average yearly dredge volume for
each sub-basin. This yearly average dredge volume was compared to the model result to
determine the model accuracy in replicating the deposition in the ship channel.

Figure 7
Dredging reaches or sub-basins
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CHAPTER III
MESH DEVELOPMENT

The AdH numerical model mesh was developed using GEOpdf’s (1 meter
resolution) from the U.S. Geological Survey (USGS)
(http://store.usgs.gov/b2c_usgs/usgs/maplocator/(ctype=areaDetails&xcm=r3standardpitr
ex_prd&carea=%24ROOT&layout=6_1_61_48&uiarea=2)/.do). These georeferenced
pdf’s were imported into Global Mapper 11.02 (Global Mapper 2010) and exported out in
a tiff (tagged image file format) capable of being imported into the Surface Water
Modeling System (SMS) (Aqueveo, 2010). Using these georeferenced images, the model
boundaries and water/land boundaries were specified for the numerical mesh. The
numerical model mesh was generated and the bathymetry data interpolated to the mesh
using SMS.
The bathymetry data consisted of data from two sources; the non-navigation
channel area bathymetry data were obtained from the NOAA National Geophysical Data
Center (10 to 30 meter resolution) and the bathymetry data for the navigation channels
were obtained from the SAM. The metadata for the NOAA National Geophysical data
are provided in Appendix A.

15

Both data sets were converted to NAVD88, meters (vertical datum) and State
Plane 83, Alabama West, meters (horizontal datum) and interpolated to the numerical
mesh in the same datum. Some of the smaller channels possessed minimal bathymetry
data and therefore required engineering judgment in their specification. It should also be
noted that the NOAA data did not extend northward past the 31° Latitude. This equates
to a distance of approximately 17 km down river from the Mobile/Tensaw separation.
The bathymetry/topography data north of this location were specified using engineering
judgment based on the northernmost extents of the NOAA bathymetry data.
The numerical model mesh used for the model simulations is shown in Figure 8.
The model mesh contained approximately 100,000 nodes and 177,000 elements with
elemental areas ranging from 23,000,000 m2 near the Gulf boundary to as little as 400 m2
in the northern portions of the navigation channel.
A mesh convergence test was also completed using the automatic mesh adaption
capability within AdH to ensure the mesh possessed adequate resolution. AdH utilizes a
simple indicator that measures the elemental error in the norm of mass conservation to
determine which elements require refinement or coarsening based on user inputted
tolerances (Tate et al. 2006). This resulted in the mesh being adapted during the model
simulation from an initial mesh size of 100,000 nodes to over 206,000 nodes. This test
showed minimal variation in results indicating that the initial mesh resolution was
adequate for the intended purposes of this modeling effort with no further mesh
refinements required.
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Figure 8
AdH numerical model mesh
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CHAPTER IV
BOUNDARY CONDITIONS DEVELOPMENT

Tidal Boundary Conditions
The model tidal boundary (shown in Figure 9) was specified using the NOAA
Dauphin Island measured tidal signal (Station ID: 8735180). The observed tidal signal at
Dauphin Island was filtered to remove extraneous noise and to improve model stability.
A simple box car filter was applied to remove any portions of the signal that possessed a
period of less than four hours. This removed the extraneous noise associated with
measurement errors and resulted in a smoother representation of the tidal signal.
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Figure 9
Model tidal boundary

When comparing the Dauphin Island model and field tidal values, it was
determined that there was a slight phase lag (~1.5 hours), vertical shift in the signal
(~0.04 meters) and amplitude reduction for the model created by applying the Dauphin
Island tidal signal farther out in the Gulf of Mexico. Therefore the applied tidal boundary
consisted of the Dauphin Island measured signal with a time offset (1.5 hours), an
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increase in the vertical datum (0.04 meters) and an increase in the tidal range (12 %). A
comparison of the raw and adjusted Dauphin Island signals is shown in Figure 10. This
adjustment resulted in a very accurate model replication of the measured Dauphin Island
signal at the Dauphin Island measurement location (see Figure 11).

Figure 10
Comparison of the raw and filtered tidal signals
20

Figure 11
Comparison of observed and model water surface elevations

The previously discussed adjustments to the measured Dauphin Island tide signal
were applied to the 2008, 2009 and 2010 (calendar year) data. The tide signals for these
years are provided in Figures 12 to 14.
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Figure 12
Dauphin Island tide signal for 2008

Figure 13
Dauphin Island tide signal for 2009
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Figure 14
Dauphin Island tide signal for 2010

Inflow Boundary Conditions
There is one inflow, the Mobile River (shown in Figure 15), for the system
deemed significant enough to include in the model boundary conditions. The Mobile
River is formed at the confluence of the Tombigbee and Alabama Rivers and flows south
into Mobile Bay. There is also a split in the Mobile River where the Tensaw River is the
east branch and the Mobile River is the west branch. As can be observed from Figure 15,
the inflow boundary is above this split in the river. There are no discharge measurements
above the separation, but there are USGS measured daily averaged flow measurements
for both the Mobile and Tensaw Rivers (USGS Gages 02470629 and 02471019,
respectively). The sum of these two measurement locations (Mobile River and Tensaw
River) was applied as the model inflow boundary. The validation section of this report
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contains discharge comparisons for the Mobile River and the Tensaw River to
demonstrate the accuracy of the model in replicating the flow split between these two
rivers. The inflow data are plotted in Figures 16 to 18. The simulated time period has a
large variability in the simulated inflows with flows ranging from the 10th to the 90th
percentile discharges (4,250 and 370 cms, respectively) (Schoeder, 1979). A detailed
explanation of the data collection methods used by the USGS is provided in Wahl, 1995.

Figure 15
Inflow location
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Figure 16
Mobile River 2008 daily averaged discharges

Figure 17
Mobile River 2009 daily averaged discharges
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Figure 18
Mobile River 2010 daily averaged discharges

Wind Boundary Conditions
Due to the shallow nature of Mobile Bay, there can be significant wind driven
circulation patterns in the Mobile Bay area, requiring the inclusion of wind forcing in the
numerical model simulations. The impact of the wind on the water levels is discussed by
Schroeder (1979), April et al (1976) and Zhao and Chen (2008) reinforcing this
determination. Six National Oceanic and Atmospheric Administration (NOAA) buoys
(mhpa1, mcga1, mbla1, fmoa1, dpia1, and gdxm6) had wind speed and direction
measurements. These gages are shown in Figure 19 with the gage locations provided in
Table 4.
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Figure 19
NOAA buoy wind measurement locations
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Table 4
NOAA Buoy Wind Data Locations
Gage Name

Latitude

Longitude

mhpa1

30.667 N

87.936 W

mcga1

30.648 N

88.058 W

mbla1

30.437 N

88.012 W

fmoa1

30.228 N

88.025 W

dpia1

30.248 N

88.073 W

gdxm6

30.359 N

88.420 W

Given the long period of record (3 years) and the number of stations (six), it was
expected that there would be gaps in the wind measurements for different locations. The
measurement gaps were placed in one of three categories;
1) gaps of less than two hours
2) gaps of more than two hours but less than a day
3) gaps longer than one day.

For the first category of gaps (less than two hours) the missing data were filled by
interpolation of the x and y components using the spline command within Matlab
(Matlab, 2010). The second category of gaps (more than two hours but less than a day)
were filled by applying a linear interpolation of the x and y components. For gaps longer
than a day, the data were extracted from the nearest gage that possessed data for that time
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period. Appendix B includes a list of the gaps of longer than one day along with the gage
used for data substitution.
To remove extraneous noise from the wind data, a filter was applied to the x and y
components of the wind measurements for each data set. This filter removed any
components of the signal that possessed a period of less than two hours thereby
smoothing the signals without significantly reducing the peaks. Comparisons of the raw
and filtered wind signals are shown in Figures 20 to 37 (negative is a western blowing
wind for the x component and a southern blowing wind for the y component).

Figure 20
Wind data for NOAA buoy dpia1 for 2008
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Figure 21
Wind data for NOAA buoy dpia1 for 2009

Figure 22
Wind data for NOAA buoy dpia1 for 2010
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Figure 23
Wind data for NOAA buoy mhpa1 for 2008

Figure 24
Wind data for NOAA buoy mhpa1 for 2009
31

Figure 25
Wind data for NOAA buoy mhpa1 for 2010

Figure 26
Wind data for NOAA buoy mcga1 for 2008
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Figure 27
Wind data for NOAA buoy mcga1 for 2009

Figure 28
Wind data for NOAA buoy for mcga1 for 2010
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Figure 29
Wind data for NOAA buoy mbla1 for 2008

Figure 30
Wind data for NOAA buoy mbla1 for 2009
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Figure 31
Wind data for NOAA buoy mbla1 for 2010

Figure 32
Wind data for NOAA buoy fmoa1 for 2008
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Figure 33
Wind data for NOAA buoy fmoa1 for 2009

Figure 34
Wind data for NOAA buoy fmoa1 for 2010
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Figure 35
Wind data for NOAA buoy gdxm6 for 2008

Figure 36
Wind data for NOAA buoy gdxm6 for 2009
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Figure 37
Wind data for NOAA buoy gdxm6 for 2010

The wind data were used to determine the atmospheric shear stress on the water
surface, 𝜏𝑎 , as calculated using Equation 1.

𝜏𝑎 = 𝜌𝑎 𝐶𝑑 𝑈𝑎2

(1)

where 𝜌𝑎 is the air density, 𝐶𝑑 is the atmospheric drag coefficient, and 𝑈𝑎 is the wind

speed. Multiple methods have been suggested for calculating the atmospheric drag

coefficient (Wu, 1980; Atakturk and Katsaros, 1999; Teeter et al, 2000), but for this
modeling study the atmospheric drag coefficient from Teeter et al, 2000 was utilized as it
was developed for shallow water systems. The atmospheric drag coefficient, 𝐶𝑑 , was

calculated using Equation 2
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0.4

𝐶𝑑 = �

16.11−0.5𝑙𝑛(ℎ)−2.48ln (𝑈𝑎

2

�
)

(2)

where ℎ is the depth in meters and 𝑈𝑎 is the wind speed in meters/second.

For the two-dimensional module of AdH, this shear stress is incorporated into the

x and y momentum equations.

Salinity Boundary Conditions
Due to a lack of available measurement data, the salinity boundary was specified
as a constant 30 parts per thousand for the entirety of the model simulation. The
uncertainty associated with this specification adds additional uncertainty to the model
results and increasing/decreasing this value could increase/decrease the salinity values
computed in Mobile Bay. The primary focus of this study is for base versus plan
comparisons (removed causeway) and therefore increasing/decreasing the salinity
specification at the model boundary should result in similar base versus plan
comparisons.
The initial conditions were created by making an initial six month model
simulation and taking the final salinity field for that simulation as the initial specification
for the subsequent model simulations. The initial specification should have minimal
impact on the final results, though, as the first year of simulation (2008) was performed
for model spin up.

Sediment Boundary Conditions
The sediment model is applied as a library called within the AdH numerical
model (Berger et al, 2010). It was utilized in this study to simulate two sediment sizes
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(sand and a clay/silt). The pertinent sediment characteristics were taken from Xiong
(2010) and are provided in Table 5.

Table 5
Sediment properties specified as input for the numerical model
Sediment Properties from Xiong (2010).
one cohesive (size = 437 µm)
Sediments Simulated

one non-cohesive (size = 21 µm)

Sediment Bed Porosity

0.65

Sediment Density

2,600 kg/m3

Settling Velocity

3.0 x 10-4 m/s

Critical Shear for Deposition

0.07 N/m2

Critical Shear for Erosion

0.50 N/m2

Erosion Rate Constant

5 x 10-6 kg/m2 s

To perform any accurate sediment modeling study, it is important to accurately
represent the sediment entering the system and the characteristics of the bed. The
sediment entering the system is transported by the rivers entering the system. A
correlation was performed using available concentration data and discharge data to
specify the sediment coming into the system. Only the finest particles are generally
carried into the bay from the contributory river systems and any larger (sand) sized
detritus is chiefly derived from erosion from immediately adjacent sedimentary unties
exposed around the bay’s perimeter (U.S. Department of Commerce, 1990). Therefore
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the incoming suspended sediment contained minimal amounts of sand particles and all of
the incoming sediment was specified as the silt/clay sediment type. A single model
simulation was completed where the incoming suspended sediment concentrations were
specified entirely as sand. The suspended sand always deposited in the upper reaches of
the rivers and never reached the bay. This reinforced the decision to specify all incoming
sediments as the silt/clay type.
The bed was specified as a percentage of sand and percentage of clay equalling
100 %. This was used to specify the sediment types available from the bed for separate
regions of the mesh with cohesive bed properties being specified separately.

Sediment Inflow Concentrations
There were no continuous suspended sediment concentration measurements to use
for the inflow boundary specification, but there were some very limited measurements
available with sediment concentration and discharge measurements. Therefore this
limited dataset was used to determine a correlation between the suspended sediment
concentration and the discharges (Figure 38). The correlation was determined to be
𝑆𝑆𝐶 = 20.096𝑒 0.0005∗𝑄

(3)

where 𝑆𝑆𝐶 is the suspended sediment concentration in parts per million (ppm) and 𝑄 is

the corresponding discharge in cms.
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Figure 38
Suspended sediment concentration

This correlation was then used with the previously shown continuous flow
measurements (Figures 16 to 18) to get a time varying suspended sediment concentration
inflow value. The values used for the suspended sediment inflow concentrations are
shown in Figures 39 to 41. As a check on the accuracy of this correlation, a sum of the
total amount of sediment entering the system was determined for each of the three years
and produced the following results; 2.29 million kg for 2008, 6.94 million kg for 2009
and 3.34 million kg for 2010. These values are reasonable based on the reported values
of 3.63 million kg, 4.26 million kg and 5.0 million kg reported by U.S. Department of
Commerce (1990), April et al (1976) and Ryan (1969), respectively. This does indicate
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that 2009 is an above average year in terms of sediment delivered to the system with
2008 and 2010 being slightly below average.

Figure 39
Suspended sediment inflow concentrations for 2008
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Figure 40
Suspended sediment inflow concentrations for 2009

Figure 41
Suspended sediment inflow concentrations for 2010
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Sediment Bed Specifications
The sediment bed characteristics were specified by material type within the
numerical model mesh. The available data were extremely limited and relegated
primarily to characteristics for the top layer of the bed. Therefore most of the model
domain was specified as a single bed layer. It should be noted that all ship channels were
initially specified as hard, non-erodible bottoms at the start of the model simulation since
they are sediment sinks and not sediment sources. The 2008 calendar year spin up period
was used to determine which sediments would deposit in the ship channels and obtain a
reasonable expectation for the bed characteristics for the ship channels. The percentage
of sand and clay in the bed for various portions of the mesh are provided in Table 6 along
with the reference for the each specification.
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Table 6
Sediment percentages for various areas of the numerical model mesh
Area
Channels and bays
west of the
Mobile River
Channels and bays
between the
Mobile and
Tensaw Rivers
Channels and bays
east of the Tensaw
River
Mobile River
Tensaw River
Northwest side of
Mobile Bay above Theodore
ship channel
Southwest side of
Mobile Bay below Theodore
ship channel
East side of
Mobile Bay
Weeks Bay
GIWW
Non-ship channel
part of inlet
Western
Mississippi Sound

Percent Sand

Percent Clay

Source of
Sediment Data

10

90

Brown, 2007

33 (top layer)
25 (middle layer)
12 (lowest layer)

67 (top layer)
75 (middle layer)
88 (lowest layer)

Valentine, 2006

49

51

Valentine, 2006

12
49

88
51

Brown, 2007
Valentine, 2006

72

28

Brown, 2007

10

90

Ryan, 1969

43 (top layer)
30 (middle layer)
50 (lowest layer)
30
16

57 (top layer)
70 (middle layer)
50 (lowest layer)
70
84

Pevey, 2010
Ryan, 1969

92

8

Ryan, 1969

78

22

Eleuterius, 1991
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Ryan, 1969

CHAPTER V
MODEL VALIDATION

The purpose of model validation is to ensure that the developed model represents
the system adequately for useful comparisons of existing conditions and proposed
alternatives. This chapter compares the model results with the field data and concludes
that the model accurately represents the behavior of the system.

Model Skill Metrics
Numerous skill metrics were utilized in an effort to determine a quantitative
relationship for the accuracy of the numerical model in representing the observed field
conditions. One of these metrics consisted of the Root Mean Square Error (RMSE). The
equation for the RMSE is provided in Equation 4
𝑅𝑀𝑆𝐸 = �

2
∑𝑁
𝑛=1(𝑥𝑛 −𝑦𝑛 )

(4)

𝑁

where 𝑁 is the number of field measurements during the model simulated time period,
𝑥𝑛 are the observed values, 𝑦𝑛 are the model values and 𝑛 represents each field/model

data point (i.e., field measurement and model value for a particular time). Lower values
for RMSE represent a lower error in the model replication of the field data whereas high
RMSE values represent poor skill by the model in replicating the field data (McLaughlin
et al. 2003). Therefore values close to 0 indicate an excellent replication of the field by
the model. The Correlation Coefficients were also calculated using Equation 5.
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2

(5)

The Correlation Coefficient provides a single number that gives an indication as to how
closely one variable is related to another variable (Higgins, 2006). Values for the
Correlation Coefficients range from +1 to -1 with a value of +1 representing a direct
correlation between the two datasets.
The Nash-Sutcliffe Coefficients were calculated using Equation 6
𝐶𝑜𝑒𝑓 = 1 −

2
∑𝑁
𝑛=1 (𝑥𝑛−𝑦𝑛 )

(6)

2
∑𝑁
𝑛=1 (𝑥𝑛−𝑥)

where 𝑥 represents the mean of the observed data. The possible values range from -∞ to
+1 (McCuen et al, 2006) with a +1 coefficient representing a perfect model match to the

field data.
The Willmott Coefficient (Equation 7) is another calculated variable to indicate
the model’s accuracy (Willmott, 1982 and Willmott et al., 1985). A value of 1 indicates a
perfect agreement between the model and the observed values.
𝐶𝑜𝑒𝑓 = 1 −

2
∑𝑁
𝑛=1 (𝑥𝑛−𝑦𝑛 )

∑𝑁
𝑛=1 �(|𝑥𝑛−𝑥|)+(|𝑦𝑛−𝑥|)�

(7)
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Water Surface Elevation Validation
The model water surface elevations were validated through comparison to
observed water surface elevations for 1 January 2009 to 1 January 2011. NOAA and
SAM had numerous water surface elevation gages in and around the study area, as
previously shown in Figure 4. These gages were of vital importance in the validation
process. Comparison plots, shown in Figures 42 to 48, consist of time series comparisons
along with model versus field box plots. The comparisons were separated into 2009 and
48

2010 data. The comparisons for 2009 are included in this chapter with the water surface
elevation comparison plots and skill metrics for 2010 included in Appendix D.
For the box plots, points lying on the 45 degree black line represent an exact
replication of the field by the model. Points below the line represent calculated model
results below the observed field values with values above the line representing calculated
model results above the observed field values.
The water surface elevation skill metric values for the RMSE, Correlation
Coefficient, Nash-Sutcliffe Coefficient, and Willmott Coefficients are presented in Table
7.
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Figure 42
State docks (NOAA) model versus field comparisons for 2009
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Figure 43
Coast Guard (NOAA) model versus field comparisons for 2009
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Figure 44
McNally (SAM) model versus field comparisons for 2009
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Figure 45
Middle Bay (SAM) model versus field comparisons for 2009
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Figure 46
Weeks Bay (NOAA) model versus field comparisons for 2009
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Figure 47
Dauphin Island (SAM) model versus field comparisons for 2009
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Figure 48
Dauphin Island (NOAA) model versus field comparisons for 2009
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Table 7
Water Surface Elevation Skill Values for 2009
Origin
Gage Name

Root Mean

Nash-

Correlation

Willmott

Square Error,

Sutcliffe

Coefficient

Coefficient

meters

Coefficient

(1 = Direct

(1 = Perfect

of
Data

(1 = Perfect Correlation) Replication)

(0 = Perfect
State Docks

NOAA

0.06

0.94

0.97

0.98

Coast Guard

NOAA

0.05

0.96

0.98

0.99

McNally

SAM

0.11

0.83

0.91

0.95

Middle Bay

SAM

0.11

0.86

0.94

0.96

Weeks Bay

NOAA

0.05

0.96

0.98

0.99

Dauphin Island

SAM

0.16

0.58

0.78

0.88

0.09

0.82

0.95

0.96

Average

0.09

0.85

0.93

0.96

Median

0.09

0.86

0.95

0.96

Dauphin Island NOAA

The Dauphin Island (SAM) gage (Figure 47) appears to have a vertical shift in the
observed signal for most of the month of June 2009. No other gage shows this increase
in the observed water surface elevations and therefore this phenomenon is believed to be
an error in the measurements. From Table 7, the Dauphin Island (SAM) gage has the
least favorable error metrics which could be due to the previously mentioned discrepancy
between the model and observed values. The Middle Bay (SAM) gage also has a period
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of time in September 2009 with unfavorable model versus field comparisons. This time
period appears to have a steadily increasing variation in the model versus field
comparisons that also occurs right before a large gap in the data measurements (Figure
45). While the error metrics for these two gages were not unsatisfactory, they were
adversely impacted by the presence of these suspicious measurement values.
Even with the previously discussed suspicious measurements, the overall water
surface elevation comparisons show an adequate model replication of the observed tidal
signal. This is demonstrated by the favorable RMSE error values, Nash-Sutcliffe
Coefficients, Correlation Coefficients and Willmott Coefficients. The water surface
elevation comparisons and error metrics for the State Docks and Coast Guard NOAA
stations suggest these areas as the most accurate in replicating the observed tidal signals.
This indicates the model is very accurate in replicating the water surface elevations in the
northern portions of Mobile Bay. This is implies the model will be accurate in predicting
the water surface elevations in the northern portions of Mobile Bay near the causeway.

Discharge Validation
Validation of the model discharges consisted of comparisons with the measured
discharge data taken from 1 January 2009 to 1 January 2011. The discharge measurement
locations were previously shown and discussed in Chapter 4. The comparison plots are
provided in Figures 49 and 50 for 2009 with the 2010 comparisons provided in Appendix
E. Similar to the water surface elevations, the discharge comparison plots consist of time
series comparisons and box plot comparisons. Table 8 provides a list of the skill metric
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values, as previously calculated for the water surface elevations, with Table 9 providing a
comparison of the mean, minimum and maximum model and field discharge values.

Table 8
Discharge Skill Values for 2009
Root Mean

Nash-

Correlation

Willmott

Square Error,

Sutcliffe

Coefficient

Coefficient

cms

Coefficient

(1 = Direct

(1 = Perfect

(0 = Perfect

(1 = Perfect

Correlation)

Replication)

USGS

80

0.98

1.00

0.99

USGS

68

0.98

1.00

0.99

Origin
Gage Name

of
Data

Mobile
River
Tensaw
River

Table 9
Maximum, Minimum, and Mean Discharge Comparisons for 2009
Gage Name

Mobile

Origin of

Model (Field)

Model (Field)

Model (Field)

Data

Mean, cms

Max, cms

Min, cms

USGS

956 (1,027)

2,006 (2,033)

-38 (100)

USGS

1,000 (939)

2,088 (2,076)

83 (106)

River
Tensaw
River
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Figure 49
Mobile River (USGS) model versus field comparisons for 2009
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Figure 50
Tensaw River (USGS) model versus field comparisons for 2009
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The discharge comparisons indicate an adequate job replicating the flow split
between the Mobile and Tensaw Rivers. This is exemplified in the previously shown
time series plots, box plots and skill metrics. The model does slightly over estimate the
flow split toward the Tensaw River and therefore also slightly underestimates the flow
for the Mobile River. This is a negligible amount though and therefore is not expected to
have any considerable impacts on the overall modeling results.
In addition to the previously shown discrete point discharge measurements, some
more general flow separation data were available in the literature and used as additional
comparisons for the model results. Schroeder (1979) reported the percentage flow
separation for the lower Mobile River (25 ± 2 %), Lower Tensaw-Spanish Rivers (28 ± 3
%), Apalachee River (22 ± 2 %) and Blakeley River (25 ± 2 %) (locations previously
shown in Figure 1). These percentages are only applicable for flows greater than 1,000
cms. The average model flows for these rivers indicated a flow split of 32 % for the
lower Mobile River, 26 % for the Spanish-Tensaw Rivers, 14 % for the Apalachee River
and 28 % for the Blakeley River. The model possesses a larger percentage of flow for the
Mobile River and a lower percentage for the Apalachee River than those reported by
Schroeder (1979), but given that the model results are being compared to conditions in
excess of 30 years ago, the differences are not believed to be a cause for concern in terms
of the model accuracy.
Schroeder (1978) also reported the percentage of flow exchange through the Main
Pass (85 %) with the remaining exchange through the connection with the Mississippi
Sound. Investigation of the model results indicate that 91 % of the flow passes through
the Main Pass and only 9 % passes through the connection to the Mississippi Sound.
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This discrepancy could be due to the limited amount of the Mississippi Sound included in
the numerical model domain.
Orlando and Klein (1989) reported a tidal prism for Mobile Bay of 4.14 x 10 8
cubic meters with Jarrett (1962) reporting values ranging from 5.66 x 10 8 cubic meters to
9.63 x 10 8 cubic meters. The discharges entering Mobile Bay were computed for the
entire model simulation period (1 January 2008 to 1 January 2011). These computed
discharges were used to determine an average tidal prism for the model of 4.93 x 10 8
cubic meters. The average model tidal prism is higher than that reported by Orlando and
Klein (1989) but lower than those reported by Jarrett (1962) indicating an acceptable
agreement between the values reported in the literature and the model results. It should
be noted that there were several tidal cycles where the tidal prism was close to the 9.63 x
10 8 cubic meters value reported by Jarrett (1962), but these were not common
occurrences (21 times over 3 years).
The comparisons show an adequate model replication of the observed discharge
values. This is exemplified as well for the favorable RMSE error values, Nash-Sutcliffe
Coefficients, Correlation Coefficients and Willmott Coefficients.

Current Validation
Model versus field velocity comparisons were performed for the previously
discussed and shown (Figure 5) current meter locations. These comparisons are shown in
Figures 51 to 56 with the previously discussed skill metrics provided in Table 10.
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Figure 51
Velocity component comparisons for MOB1106
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Figure 52
Velocity component comparisons for MOB1104
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Figure 53
Velocity component comparisons for MOB1101
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Figure 54
Velocity component comparisons for MB0401
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Figure 55
Velocity component comparisons for MB0301
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Figure 56
Velocity component comparisons for MB0101
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Table 10
Velocity skill metric values
Root Mean

Nash-

Correlation

Willmott

Square Error,

Sutcliffe

Coefficient

Coefficient

m/s

Coefficient

(1 = Direct

(1 = Perfect

(0 = Perfect

(1 = Perfect

Correlation)

Replication)

Gage Name

X Component of Velocity
MOB1106

0.33

0.49

0.86

0.78

MOB1104

0.06

-0.07

0.45

0.66

MOB1101

0.13

0.27

0.88

0.76

MB0101

0.21

-0.02

0.36

0.57

MB0301

0.05

0.24

0.73

0.61

MB0401

0.06

0.11

0.39

0.35

Y Component of Velocity
MOB1106

0.20

0.43

0.85

0.72

MOB1104

0.12

0.58

0.77

0.84

MOB1101

0.20

0.87

0.95

0.96

MB0101

0.14

-0.02

0.68

0.62

MB0301

0.22

0.36

0.82

0.75

MB0401

0.21

0.09

0.62

0.73
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Figures 51 to 53 show comparison plots for the observed field and model
outputted velocity components for the data associated with the Mobile Bay 2011
Circulation Survey conducted by NOAA. These locations (MOB1106, MOB1104 and
MOB1101) possessed measurements at varying depths which allowed a depth averaged
velocity to be calculated for the x and y components of velocity. Therefore the
comparisons shown in Figures 51 to 53 are depth averaged field observations compared
to depth averaged model results. These data were only available for a subset of the
simulated time period and therefore the plots only contain comparisons for a short period
of time (approximately November 2010 to January 2011).
Figures 54 to 56 show comparison plots for the observed field and model
outputted velocity components for observations at permanent NOAA current meter gages
(MB0401, MB0301 and MB0101). These current meters are limited in that the velocities
shown are near surface velocities (no varying depth measurements were available for
conversion to a depth averaged velocity). Using an assumed logarithmic velocity profile,
the depth averaged model results were utilized to determine an approximate surface
current. This model extrapolated surface current was compared to the NOAA current
meter measurements. For areas with three dimensional flows, the logarithmic velocity
assumption would not be valid and therefore the comparisons would be less accurate.
These point location velocity measurements are dependent on numerous variables
making exact comparisons challenging. Slight errors in the bathymetry and the boundary
conditions can have significant impacts on the velocity measurements for a single point
location. Therefore the results presented in Figures 51 to 56 and Table 10 is deemed
sufficient for the purposes of this model study.
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Salinity Validation
The model salinities were validated through comparison to observed salinities for
1 January 2009 to 1 January 2011. NOAA had numerous salinity gages in and around the
study area, as previously shown in Figure 6. Comparison plots, shown in Figures 57 to
62, consist of time series comparison plots. The comparisons were separated into 2009
and 2010 data. Table 11 gives the salinity skill metrics.
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Figure 57
Salinity comparisons for State Docks
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Figure 58
Salinity comparisons for MHPA1
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Figure 59
Salinity comparisons for MBLA1
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Figure 60
Salinity comparisons for WKQA1
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Figure 61
Salinity comparisons for DPHA1
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Figure 62
Salinity comparisons for BSCA1

These comparisons indicate that the model salinity is slightly low for the DPHA1
location but is surprisingly accurate at the MBLA1 location. The model salinity is low
for the remaining comparison locations but does pick up some trends in behavior
(increasing/decreasing salinity trends). It is expected that minimal improvements in this
validation can be obtained without the utilization of a three-dimensional model due to the
known stratification that occurs in the bay as documented by Blumberg et al. (2001),
Ryan (1969), Zhao and Chen (2008), and others.
A three dimensional model would allow the salinity wedge in the Mobile River to
extend farther upstream which could possibly lead a return flow of more saline water for
the connections to the Tensaw River system to the east. This could result in the higher
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salinity values on the eastern side of the bay that are not being replicated in the two
dimensional model. Schroeder and Lysinger (1979) reported stratification measurements
of as much as 10 ppt for locations on the eastern side of Mobile Bay. This stratification,
mixed with wind events, could also result in a transport of salinity to the eastern side of
the bay. A validated three dimensional model would be required to replicate either of
these phenomena.

Table 11
Salinity Skill Values

Gage Name

Root Mean

Nash-Sutcliffe

Correlation

Willmott

Square Error, ppt

Coefficient

Coefficient

Coefficient

(0 = Perfect Replication)

(1 = Perfect Replication)

2009 Skill Metric Values
State Docks

1.60

-0.50

0.32

0.30

MHPA1

1.33

-0.33

0.23

0.37

MBLA1

3.13

0.78

0.93

0.93

WKQA1

6.65

-1.80

0.17

0.45

DPHA1

10.52

-0.50

0.78

0.67

BSCA1

No Data

No Data

No Data

No Data

2010 Skill Metric Values
State Docks

7.67

-0.15

0.74

0.65

MHPA1

3.75

-0.52

0.47

0.45

MBLA1

2.54

0.80

0.90

0.94

WKQA1

5.90

-0.64

0.76

0.53

DPHA1

4.61

-0.91

0.52

0.62

BSCA1

16.33

-46.30

0.78

0.20
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Validation of Dredge Volumes
The average yearly volume of sediment deposited in the previously shown subbasins (Figure 7) was compared to the model computed volume of deposition for the
2009 and 2010 calendar years. The results are provided in Figure 63 and show a similar
pattern in the model results as the observed dredge data.

Figure 63
Dredge volume comparisons

The model dredge volumes are lower than the observed data as would be expected
from applying a two-dimensional model to a location with three-dimensional behavior.
In a three dimensional system, the depositing sediment would be transported back
upstream by the salt wedge and associated return currents near the channel bottom.
Therefore in an effort to compare the total volume of sediment entering the system, an
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additional comparison was performed on the total amount of sediment deposited in the
system for the channel sub-basins by extending the comparison area farther south
(enlarged basin shown in Figure 64).

Figure 64
An enlarged basin was created between the two green lines
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Comparing the sediment volumes for this enlarged basin produces a model
deposition volume of 0.89 million cubic meters/year for 2009 (the previously shown,
smaller basin possessed a total dredge volume of 0.53 million cubic meters/year) and
0.49 million cubic meters/year for 2010 (the previously shown, smaller basins possessed
a total dredge volume of 0.31 million cubic meters/year). This is in agreement with the
average yearly dredge volumes of 0.89 million cubic meters/year with a high value of 1.6
million cubic meters/year (plus one standard deviation) and a low value of 0.18 million
cubic meters/year (minus one standard deviation). This would indicate that the model is
accurately replicating the volume of sediment entering the system but is unable to
account for the three dimensional behavior present in this area.
In addition to these comparisons, April et al (1976) reported an average infilling
rate of 2 ft (0.6096 meters) per century for Mobile Bay. The computed model depositions
were extrapolated out linearly to determine the amount of deposition per century. The
2009 results indicate an average infilling rate of 5.25 ft (1.6 meters) per century with
2010 extrapolating out to 2.46 ft (0.0075 meters) per century. Therefore while the 2009
deposition rate is significantly higher than that reported by April et al (1976), the 2010
deposition rate is only slightly higher. This is expected since the volume of sediment that
entered the system in 2009 was significantly higher than normal. The volume of
sediment that entered the system in 2010 was closer to the average value and therefore
should be closer to the average infilling rate reported by April et al. (1976).
Ryan (1969) shows changes in depth observed from comparisons of an 1849-51
survey and a 1960-61 survey. The numerical model results follow the general pattern of
deposition reported by Ryan (1969) in the upper portions of the bay but show much less
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deposition in the lower bay. Therefore the comparisons indicate less agreement for that
portion of the model.

Computational Environment
The hydrodynamic modeling was executed on the ERDC High Performance
Computing (HPC) SGI Altix Ice 8200 (Diamond) parallel processing supercomputer.
The model was executed on 256 parallel processors and required approximately 2 weeks
of computation time to run for 3 model years. The model used a time step of 600 seconds,
with the ability to adapt to smaller time steps as needed. It should be noted that a time
step convergence test was performed to ensure 600 seconds was an appropriate time step
size.
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CHAPTER VI
DESIGN ALTERNATIVE

Construction of the Mobile Bay Causeway was begun in 1926 and completed in
1927. The causeway greatly reduced the exchange of water between the larger Mobile
Bay and Chocolatta Bay, north of the causeway. The alternative conditions mesh
(removed causeway configuration) was created by taking the existing conditions mesh
(Figure 65) and creating a connection between the areas north and south of the causeway
(Figure 66). The elevations for this new connection were specified as -1 meter, NAVD88
which is approximately equal to the surrounding bed elevations.
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Figure 65
Existing (Base) conditions
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Figure 66
Plan conditions with the Mobile Bay causeway removed
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CHAPTER V
MODEL RESULTS

This section of the report details the existing conditions and alternative (causeway
removed) model results. Numerous comparisons were made in an effort to determine an
approximate impact on the system due to removing the Mobile Bay Causeway. These
comparisons consisted primarily of:
1) Point comparisons (water surface elevations, silt concentrations and bed shears) at
18 discrete locations.
2) Discharge comparisons for 19 locations within and around the study area.
3) Comparisons of the deposition patterns for the existing conditions and alternative
(causeway removed) configuration.

Point Comparisons
The 18 discrete point comparison locations are provided in Table 12 and shown in
Figure 67. The 2009 comparisons for the water surface elevations, silt concentrations
and bed shears are provided in Figures 68 to 121 with the comparisons for 2010 provided
in Appendix F. Table 13 contains the minimum, maximum and average values for these
parameters. The minimum silt concentrations and bed shears were not included as these
were 0.0 for all locations at some time during the model simulations.
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Table 12
Location of 18 point comparison locations
Latitude

Longitude

Point 1

30.678 N

87.971 W

Point 2

30.685 N

87.968 W

Point 3

30.696 N

87.970 W

Point 4

30.707 N

87.972 W

Point 5

30.694 N

87.980 W

Point 6

30.682 N

87.990 W

Point 7

30.685 N

87.979 W

Point 8

30.700 N

87.951 W

Point 9

30.727 N

87.957 W

Point 10

30.729 N

87.938 W

Point 11

30.701 N

87.937 W

Point 12

30.675 N

87.951 W

Point 13

30.668 N

87.966 W

Point 14

30.673 N

87.983 W

Point 15

30.680 N

88.011 W

Point 16

30.687 N

88.002 W

Point 17

30.698 N

87.990 W

Point 18

30.713 N

87.981 W
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Figure 67
Point comparison locations
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Figure 68
Water surface elevation comparisons for point 1 for 2009

Figure 69
Silt concentration comparisons for point 1 for 2009
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Figure 70
Bed shear comparisons for point 1 for 2009

Figure 71
Water surface elevation comparisons for point 2 for 2009
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Figure 72
Silt concentration comparisons for point 2 for 2009

Figure 73
Bed shear stress comparisons for point 2 for 2009
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Figure 74
Water surface elevation comparisons for point 3 for 2009

Figure 75
Silt concentration comparisons for point 3 for 2009
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Figure 76
Bed shear stress comparisons for point 3 for 2009

Figure 77
Water surface elevation comparisons for point 4 for 2009
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Figure 78
Silt concentration comparisons for point 4 for 2009

Figure 79
Bed shear stress comparisons for point 4 for 2009
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Figure 80
Water surface elevation comparisons for point 5 for 2009

Figure 81
Silt concentration comparisons for point 5 for 2009
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Figure 82
Bed shear stress comparisons for point 5 for 2009

Figure 83
Water surface elevation comparisons for point 6 for 2009
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Figure 84
Silt concentration comparisons for point 6 for 2009

Figure 85
Bed shear stress comparisons for point 6 for 2009
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Figure 86
Water surface elevation comparisons for point 7 for 2009

Figure 87
Silt concentration comparisons for point 7 for 2009
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Figure 88
Bed shear stress comparisons for point 7 for 2009

Figure 89
Water surface elevation comparisons for point 8 for 2009
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Figure 90
Silt concentration comparisons for point 8 for 2009

Figure 91
Bed shear stress comparisons for point 8 for 2009
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Figure 92
Water surface elevation comparisons for point 9 for 2009

Figure 93
Silt concentration comparisons for point 9 for 2009
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Figure 94
Bed shear stress comparisons for point 9 for 2009

Figure 95
Water surface elevation comparisons for point 10 for 2009
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Figure 96
Silt concentration comparisons for point 10 for 2009

Figure 97
Bed shear stress comparisons for point 10 for 2009
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Figure 98
Water surface elevation comparisons for point 11 for 2009

Figure 99
Silt concentration comparisons for point 11 for 2009
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Figure 100
Bed shear stress comparisons for point 11 for 2009

Figure 101
Water surface elevation comparisons for point 12 for 2009
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Figure 102
Silt concentration comparisons for point 12 for 2009

Figure 103
Bed shear stress comparisons for point 12 for 2009
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Figure 104
Water surface elevation comparisons for point 13 for 2009

Figure 105
Silt concentration comparisons for point 13 for 2009
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Figure 106
Bed shear stress comparisons for point 13 for 2009

Figure 107
Water surface elevation comparisons for point 14 for 2009
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Figure 108
Silt concentration comparisons for point 14 for 2009

Figure 109
Bed shear stress comparisons for point 14 for 2009
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Figure 110
Water surface elevation comparisons for point 15 for 2009

Figure 111
Silt concentration comparisons for point 15 for 2009
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Figure 112
Bed shear stress comparisons for point 15 for 2009

Figure 113
Water surface elevation comparisons for point 16 for 2009
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Figure 114
Silt concentration comparisons for point 16 for 2009

Figure 115
Bed shear stress comparisons for point 16 for 2009
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Figure 116
Water surface elevation comparisons for point 17 for 2009

Figure 117
Silt concentration comparisons for point 17 for 2009
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Figure 118
Bed shear stress comparisons for point 17 for 2009

Figure 119
Water surface elevation comparisons for point 18 for 2009
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Figure 120
Silt concentration comparisons for point 18 for 2009

Figure 121
Bed shear stress comparisons for point 18 for 2009
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Table 13
Point comparisons for 18 locations for 2009 (removed causeway values)

Point

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Min
WSE,
Meters
-0.41
(-0.54)
-0.43
(-0.56)
-0.43
(-0.57)
-0.49
(-0.62)
-0.43
(-0.56)
-0.41
(-0.55)
-0.42
(-0.55)
-0.38
(-0.42)
-0.37
(-0.40)
-0.30
(-0.31)
-0.31
(-0.32)
-0.55
(-0.55)
-0.57
(-0.57)
-0.59
(-0.56)
-0.55
(-0.56)
-0.60
(-0.63)

Mean
WSE,
Meters
0.38
(0.35)
0.36
(0.33)
0.39
(0.35)
0.31
(0.30)
0.39
(0.35)
0.39
(0.34)
0.39
(0.35)
0.41
(0.39)
0.39
(0.38)
0.49
(0.49)
0.45
(0.45)
0.35
(0.35)
0.33
(0.31)
0.34
(0.35)
0.29
(0.28)
0.20
(0.18)

Max
WSE,
Meters
1.44
(1.43)
1.42
(1.41)
1.47
(1.45)
1.37
(1.38)
1.47
(1.45)
1.46
(1.42)
1.46
(1.44)
1.48
(1.46)
1.44
(1.42)
1.53
(1.52)
1.48
(1.47)
1.43
(1.42)
1.40
(1.37)
1.43
(1.44)
1.36
(1.34)
1.25
(1.21)

Mean Silt
Con, ppt

Max Silt
Con, ppt

Mean Bed
Shear, Pa

Max Bed
Shear, Pa

20.8
(22.0)
27.4
(29.7)
8.1
(14.2)
48.4
(57.6)
7.3
(13.8)
9.1
(23.9)
11.9
(15.3)
6.9
(9.0)
38.1
(40.8)
67.0
(67.0)
67.1
(67.1)
63.0
(63.2)
48.3
(53.4)
18.8
(14.4)
37.9
(35.2)
58.5
(57.8)

179.4
(174.4)
179.9
(183.9)
170.8
(191.5)
183.2
(191.7)
174.6
(188.4)
152.6
(198.2)
186.5
(188.7)
177.4
(184.9)
192.3
(192.7)
176.0
(176.2)
180.3
(180.6)
179.0
(179.6)
175.4
(180.8)
166.8
(166.7)
176.4
(176.5)
187.7
(187.6)

0.07 2
(0.074)
0.070
(0.070)
0.064
(0.065)
0.068
(0.079)
0.065
(0.066)
0.069
(0.067)
0.065
(0.070)
0.065
(0.065)
0.065
(0.065)
0.198
(0.196)
0.163
(0.160)
0.169
(0.151)
0.089
(0.073)
0.070
(0.090)
0.086
(0.064)
0.039
(0.033)

0.507
(0.593)
0.509
(0.574)
0.482
(0.485)
0.482
(0.603)
0.485
(0.502)
0.492
(0.504)
0.488
(0.557)
0.486
(0.487)
0.483
(0.483)
0.748
(0.743)
0.556
(0.549)
0.890
(0.785)
0.575
(0.522)
0.530
(0.820)
1.104
(0.743)
0.219
(0.184)
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Table 13 (continued)
17
18

-0.50
(-0.52)
-0.43
(-0.46)

0.38
(0.37)
0.42
(0.41)

1.46
(1.46)
1.49
(1.48)

64.4
(64.8)
65.7
(65.6)

187.3
(187.4)
187.4
(187.8)

0.205
(0.189)
0.597
(0.582)

1.014
(0.920)
2.698
(2.774)

With the exception of Points 13, 14 and 15, the point comparisons outside of
Chocolatta Bay suggest minimal variation in results between the existing conditions and
the removed causeway configuration. For the removed causeway configuration, Point 13
has higher silt concentrations and lower shear stresses suggesting an increase in
deposition for this location. Point 14 is the opposite of Point 13 with decreased silt
concentrations and increased shear stresses suggesting a decrease in deposition for the
removed causeway configuration. Point 15 has a slight decrease in the silt concentrations
with a significant decrease in the mean shear stress (approximately 25 % reduction). Due
to the significant reduction in the shear stresses and the minimal reduction in the silt
concentrations (approximately 7 %), it is expected that this location will experience
increased deposition.
All points inside of Chocolatta Bay experienced increased tide ranges (increase of
approximately 3 % or 2 cm). The phase of the tide ranges are also altered with the
existing condition tides lagging the removed causeway tides by approximately 0.5 hours.
This is expected due to the increased connection to the larger Mobile Bay for the
removed causeway configuration, creating an easier path for the tide to reach areas inside
of Chocolatta Bay.
The points inside of Chocolatta Bay also have increased silt concentrations and
shear stresses. The silt concentrations are increased for all points inside of Chocolatta
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Bay (sometimes significantly so) implying increased sedimentation in Chocolatta Bay for
the removed causeway configuration. The mean values for the shear stresses in
Chocolatta Bay are increased but by a minimal amount (approximately 5 % or 0.003
N/m2) and while the shear stresses are larger for the removed causeway configuration,
they are still near or below the critical shear for deposition (0.07 N/m2). This indicates
the areas inside of Chocolatta Bay tend to be depositional when sediment is available and
will experience increased deposition with the removal of the causeway.

Discharge Comparisons
Discharge comparisons were performed for 19 locations to determine the impact
of removing the Mobile Bay Causeway on the flow paths present in the system. The
midpoint locations for these transects are provided in Table 14 and are shown in Figure
122, with the black arrows representing the direction of flow considered to be the positive
direction. Comparisons of the minimum, maximum and average discharges are provided
in Table 15. The comparisons for 2009 are provided in Figures 123 to 141 with the 2010
comparisons provided in Appendix G.
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Table 14
Discharge transect locations
Latitude

Longitude

Transect 1

30.818 N

87.917 W

Transect 2

30.828 N

87.944 W

Transect 3

30.752 N

87.921 W

Transect 4

30.766 N

87.978 W

Transect 5

30.783 N

88.015 W

Transect 6

30.717 N

87.940 W

Transect 7

30.667 N

87.925 W

Transect 8

30.672 N

87.953 W

Transect 9

30.675 N

87.958 W

Transect 10

30.690 N

87.962 W

Transect 11

30.729 N

87.945 W

Transect 12

30.725 N

87.972 W

Transect 13

30.714 N

87.978 W

Transect 14

30.703 N

87.986 W

Transect 15

30.685 N

88.000 W

Transect 16

30.684 N

88.009 W

Transect 17

30.722 N

88.015 W

Transect 18

30.692 N

88.036 W

Transect 19

30.678 N

87.984 W
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Figure 122
Discharge comparison locations (black arrows indicate positive direction)

121

Figure 123
Discharge comparisons for transect 1 for 2009

Figure 124
Discharge comparisons for transect 2 for 2009
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Figure 125
Discharge comparisons for transect 3 for 2009

Figure 126
Discharge comparisons for transect 4 for 2009
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Figure 127
Discharge comparisons for transect 5 for 2009

Figure 128
Discharge comparisons for transect 6 for 2009
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Figure 129
Discharge comparisons for transect 7 for 2009

Figure 130
Discharge comparisons for transect 8 for 2009
125

Figure 131
Discharge comparisons for transect 9 for 2009

Figure 132
Discharge comparisons for transect 10 for 2009
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Figure 133
Discharge comparisons for transect 11 for 2009

Figure 134
Discharge comparisons for transect 12 for 2009
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Figure 135
Discharge comparisons for transect 13 for 2009

Figure 136
Discharge comparisons for transect 14 for 2009
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Figure 137
Discharge comparisons for transect 15 for 2009

Figure 138
Discharge comparisons for transect 16 for 2009
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Figure 139
Discharge comparisons for transect 17 for 2009

Figure 140
Discharge comparisons for transect 18 for 2009
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Figure 141
Discharge comparisons for transect 19 for 2009

Table 15
Discharge comparisons for 19 transects for 2009 (removed causeway values)
Transect
Number
1
2
3
4
5
6

Minimum
Discharge,
cms

Mean
Discharge,
cms

Maximum
Discharge,
cms

-2530
(-2533)
-1233
(-1234)
-2409
(-2415)
-412
(-403)
-1465
(-1462)
-1760
(-1714)

-1181
(-1181)
-603
(-603)
-1134
(-1135)
-153
(-151)
-655
(-652)
-794
(-789)

658
(665)
224
(222)
792
(820)
227
(222)
543
(533)
813
(722)
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Table 15 (continued)
7
8
9
10
11
12
13
14
15
16
17
18
19

-1465
(-1411)
-1046
(-758)
-301
(-31)
-63
(-162)
-9
(-3)
-78
(-74)
-73
(-73)
-607
(-536)
-180
(-175)
-2669
(-2243)
-1175
(-1212)
-1826
(-1786)
0
(-730)

-564
(-558)
-283
(-237)
-35
(11)
48
(55)
19
(21)
-29
(-34)
-34
(-17)
-218
(-209)
30
(-21)
-502
(-443)
-226
(-228)
-615
(-609)
0
(116)

845
(779)
656
(437)
211
(49)
145
(258)
50
(52)
19
(23)
23
(30)
365
(276)
229
(82)
1745
(1432)
678
(703)
1076
(1041)
0
(1028)

The discharge comparisons (Transects 1-7, 14, 16, 17 and 18) indicate that the
changes to the flow paths are limited to the areas in the immediate vicinity of the
causeway and the various channels flowing into Chocolatta Bay (Transects 8-13, 15 and
19). The discharges for the channels entering Chocolatta Bay show increased flow for
the removed causeway configuration due to the increased connection to the larger Mobile
Bay. The dominant flow directions for some channels were altered as can be observed in
Figures 142 and 143. The dominant (residual) flow directions for the connections just
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north of the causeway have switched directions due to the increased connection with the
larger Mobile Bay.

Figure 142
Existing conditions flow paths with dominant flow directions

Figure 143
Removed causeway flow paths with dominant flow directions
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The change in residual flow direction for the two southern channels of Chocolatta
Bay has important impacts on the sedimentation for those areas. With the causeway
removed, these channels (and the areas just inside Chocolatta Bay) receive increased
amounts of suspended sediment from the adjacent rivers. This would imply increased
deposition for these channels and inflow locations within Chocolatta Bay.

Sedimentation Comparisons
In addition to the previously shown point comparisons and discharge
comparisons, comparisons were also performed on the sedimentation patterns for both the
existing conditions and the alternative (causeway removed) configuration. The 2009 bed
displacement for the existing conditions is shown in Figure 144 with the bed
displacement for the removed causeway configuration shown in Figure 145. While the
basic pattern for the two simulations is similar, the actual values are different. The
difference between the two (removed causeway displacement values - existing conditions
displacement values) is shown in Figure 146. These results show that while the
differences between the two configurations are minimal (mostly less than 0.1 meters)
over time this could lead to a significant accumulation of sediment. The results for 2010
show a similar pattern but to a lesser degree due to the reduced sediment inflow (see
Figure 41) compared to 2009. The 2010 results are provided in Appendix E.
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Figure 144
Existing conditions bed displacement for 2009

Figure 145
Causeway removed bed displacement for 2009
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Figure 146
Causeway removed minus existing conditions bed displacement for 2009

Importance of Wind Waves on Sedimentation
For a shallow system, such as Mobile Bay, wind waves can have a significant
impact on the sedimentation patterns. AdH has a feature whereby the shear stress due to
wind waves is calculated and combined with the shear stress due to the currents to obtain
the total shear stress as felt by the bed. The previously shown results include the wind
wave induced shear stresses, but this section of the report demonstrates the magnitude of
influence of the wind waves on the shear stresses. The shear stress due to wind waves,
𝜏𝑤 , is given in Equation 8 as
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𝜏𝑤 = 2.38 ∗ 𝜏𝑎 ∗ �

1.118

�𝑤𝑠𝑝𝑒𝑒𝑑

� �1 −

1.118

−1

�

�𝑤𝑠𝑝𝑒𝑒𝑑

∗ �𝑒 −0.6∗(ℎ−2) �

(8)

where ℎ is the maximum of the depth and 2.001 meters, 𝑤𝑠𝑝𝑒𝑒𝑑 is the maximum of the

wind speed and 5.0628 m/s and 𝜏𝑎 is the previously discussed (Equation 1) atmospheric
shear stress (Teeter et al, 2000). The shear stresses induced by the wind waves for
various depth and wind speed combinations are provided in Figure 147.

Figure 147
Wind wave induced shear stresses

The shear stresses shown in Figure 147 are only due to the wind waves whereas
the total shear felt by the bed is a combination of the wind wave shear and the shear stress
due to the currents. These two shear stresses are combined in a component manner. The
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x and y components of the wave induced shear stresses (𝜏𝑤𝑥 and 𝜏𝑤𝑦 , respectively) are

determined using a ratio of the wind components to the magnitude of the wind speed as
shown in Equations 9 and 10
𝜏𝑤𝑥 =

𝜏𝑤𝑦 =

𝜏𝑤 ∗𝑤𝑠𝑝𝑒𝑒𝑑𝑥

(9)

𝜏𝑤 ∗𝑤𝑠𝑝𝑒𝑒𝑑𝑦

(10)

𝑤𝑠𝑝𝑒𝑒𝑑

𝑤𝑠𝑝𝑒𝑒𝑑

where 𝜏𝑤𝑥 is the x and 𝜏𝑤𝑦 is the y components of the wave induced shear stresses and

𝑤𝑠𝑝𝑒𝑒𝑑𝑥 is the x and 𝑤𝑠𝑝𝑒𝑒𝑑𝑦 is the y components of the wind speed. The wind wave

induced shear stress components from Equations 9 and 10 are combined with the x and y
current induced shear stress components ( 𝜏𝑐𝑥 and 𝜏𝑐𝑦 , respectively) to obtain the total

shear stress, 𝜏𝑇 , felt by the sediment (Equation 11).
𝜏𝑇 = �(|𝜏𝑤𝑥 | + |𝜏𝑐𝑥 |)2 + ��𝜏𝑤𝑦 � + �𝜏𝑐𝑦 ��

2

(11)

The absolute value of the shear components are used in Equation 11 due to the

oscillatory nature of the waves. During some point in the oscillation of the wave, the
wind wave induced shears will be in the same direction as the current induced shears and
therefore be additive in nature.
The total shear stress from Equation 11 is the shear stress used to determine
whether sediment is depositing or eroding. Given the shallow depths and prevalent high
wind speeds in Mobile Bay, the wind wave induced shear stresses can significantly
increase the shear stresses as shown in Figure 148. Figure 148 shows the average shear
stresses for the 2009 calendar year where the wind waves are excluded (a) and included
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(b). As can be observed, the shear stresses for large areas of the mesh are increased two
to three fold.

(a)

(b)
Figure 148
Average shear stresses for 2009 for the existing conditions

(a) Exclusion of the wind wave impacts
(b) Inclusion of the wind wave impacts

The impact of the wind waves on the deposition patterns is shown in Figure 149
for the existing conditions and in Figure 150 for the removed causeway configuration.
These figures show the spreading of the deposition from single hotspots when flow enters
a bay/lake to more diffused areas of deposition over larger areas when the wind wave
effects are included.
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(a)

(b)
Figure 149
Deposition patterns for the existing conditions for 2009

(a) Exclusion of the wind wave impacts
(b) Inclusion of the wind wave impacts

(a)

(b)
Figure 150
Deposition patterns for the removed causeway conditions for 2009

(a) Exclusion of the wind wave impacts
(b) Inclusion of the wind wave impacts

Figure 151 shows the difference between the with wind waves and without wind
waves conditions for the existing conditions (a) and the removed causeway configuration
(b).
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(a)

(b)
Figure 151
Change in deposition patterns due to the impact of the wind waves for 2009

(a) Existing conditions
(b) removed causeway

Figure 152 is a comparison of the existing conditions to removed causeway
configuration for the exclusion (a) and inclusion (b) of wind waves. Figure 152 provides
an indication of the impact of the Mobile Bay causeway when wind waves are excluded
(a) and included (b). As can be observed, the patterns are similar but the magnitude of
the impacts is different.
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(a)

(b)
Figure 152
Change in bed displacement for 2009

(a) Exclusion of the wind wave impacts
(b) Inclusion of the wind wave impacts

The Teeter method for calculating the shear stresses due to wind waves does have
some limitations in that it is not appropriate for locations with significant along shore
transport or for locations with shoaling waves. These limitations should be of minimal
importance for a system such as Mobile Bay with minimal along shore transport as seen
in many coastal zones. The results for 2010 show a similar pattern and are provided in
Appendix F.

Sensitivity to the Critical Shear for Erosion and Deposition
Sensitivity simulations were completed to investigate the impact of decreasing the
critical shear stresses for erosion (from 0.5 N/m2 to 0.2 N/m2) and deposition (0.07 N/m2
to 0.035 N/m2). The deposition amounts for 1 January 2008 to 1 July 2009 are shown in
Figures 153 to 155.
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Figure 153
Bed displacement for the reduced critical shear for erosion (0.2 N/m2)
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Figure 154
Bed displacement for the reduced critical shear for deposition (0.035 N/m2)
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Figure 155
Bed displacement for the literature recommended critical shear stresses
Lowering the critical shear for erosion (from 0.5 N/m2 to 0.2 N/m2) allows for
more erosion in the river channels north of Mobile Bay leading to an increased supply of
sediment for the northern portions of the bay. This also allows for more re-suspension of
sediments inside the bay since the original critical shear for erosion was rarely exceeded.
This increases the deposition for the lower portions of the bay as more sediment is resuspended and then transported farther south in the bay.
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Reducing the critical shear for deposition (0.07 N/m2 to 0.035 N/m2) also
increases the supply of sediment to Mobile Bay since less sediment should be deposited
in the rivers north of the bay. The lowered critical shear for deposition increases the
suspended sediment concentrations and leads to increased deposition in areas of low
energy. This scenario increases the deposition in the ship channel due to the lower shear
stresses prevalent for this deeper portion of the mesh.
Without additional data, the original sediment characteristics (critical shear for
erosion and deposition) are believed to be the most accurate and therefore were used in
all validation and base versus plan comparisons. This section was solely to determine an
approximately magnitude of variation due to the uncertainty associated with the critical
shear for erosion and deposition. These results provide an indication of the range of
sedimentation that can be achieved by altering the critical shear stresses for erosion and
deposition, but as can be observed the general pattern of deposition is similar for each of
the cases with certain cases having increased or diminished deposition.
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CHAPTER VI
CONCLUSIONS

Removing the Mobile Bay Causeway would result in an increase in the exchange
of water between the larger Mobile Bay area and Chocolatta Bay as illustrated by the
water surface elevation point comparisons in Chapter V. The water surface elevation
comparisons for points 1 – 7 all show increased tide ranges of approximately 2 cm with
the increased exchange especially obvious during events with quick increases/decreases
in water levels. The point comparisons show an increased exchange of water, but the
discharge comparisons were used to determine the changes to the prevalent flow
pathways for the system.
The discharge comparisons previously shown in Chapter V indicate that the
changes to the flow paths are limited to the areas in the immediate vicinity of the
causeway and the various channels flowing into Chocolatta Bay. The discharges for the
channels entering Chocolatta Bay show increased flow for the removed causeway
configuration. The increased flow of river water into Chocolatta Bay also increases the
amount of suspended sediment. This leads to increased deposition for this area of the
mesh.
While none of the model results showed any salinity intrusion into Chocolatta
Bay, the previously shown and discussed discharge comparisons can allow for some
inferences if salinity were to intrude into these areas as documented by Valentine and
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Sklenar (2006). The existing conditions results indicate minimal exchange of flow
between Chocolatta Bay and the larger Mobile Bay. This would indicate that while salt
intrusion into Chocolatta Bay would be less likely for the existing configuration, it would
also take longer for the salt to exit the system due to the limited exchange of flow. The
removed causeway configuration creates an increased connection to Mobile Bay and as
such would make salinity intrusion much easier, but the altered flow paths would also
make it much easier for the salt to get flushed back out of the system as well.
The deposition/erosion patterns for the existing conditions and removed causeway
configurations were previously shown in Chapter V. The two southern connections
experience increased deposition due to the change in the dominant flow directions. These
areas are now getting more sediment rich water from the rivers instead of draining the
impounded water from Chocolatta Bay with reduced suspended sediment concentrations.
The areas south of the causeway show less deposition with the causeway removed. This
is due to the increased velocities and resulting shear stresses created by the increased
exchange of water with Chocolatta Bay. These increased shear stresses keep the
sediment in suspension and allow it to deposit in other areas. The differences in Figure
144 show that some of this sediment makes it into the ship channel as the deposition there
increased slightly (approximately 0.001 meters for 2009 and 0.003 meters for 2010) for
the removed causeway configuration.
Some sensitivity simulations were performed to investigate the impact of the wind
waves, the critical shear for erosion and the critical shear for deposition. While these
three things did change the amount of deposition observed in Mobile Bay, they all
possessed similar deposition patterns. Therefore it is very probable that the base versus
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plan conclusions would have been similar for all four cases with the primary differences
being the magnitude of change associated with the alternative configuration.
Chocolatta Bay experiences regular hypoxic events that are believed to be due to
the limited water exchange for this area (Valentine and Sklenar, 2006). The increased
exchange created by removing the Mobile Bay Causeway increases the exchange of flow
for Chocolatta Bay and therefore should also reduce the occurrences and duration of
hypoxic events for Chocolatta Bay. From this viewpoint, removing the causeway could
be extremely beneficial.
The model results and comparisons for 2010 indicate similar patterns as 2009 but
with a reduced impact due to the lower flow and corresponding sediment influx for that
year. Both sets of results indicate that the impact of removing the Mobile Bay Causeway
would primarily be limited to Chocolatta Bay and adjacent areas. The remainder of the
system will experience negligible changes in the water surface elevations, discharges and
deposition amounts. Removal of the causeway results in an increased exchange of water
between Chocolatta Bay and Mobile Bay and also results in increased inflows of river
water transporting increased amounts of suspended sediments. This results in increased
sedimentation for Chocolatta Bay. The largest impacts to the system occur in/near the
connections to the lower parts of Chocolatta Bay. The new large connection to Mobile
Bay will result in less deposition just south of the existing causeway location
(approximately 1 to 2 cm per year reduction in deposition). From the base versus plan
comparisons, this area is changed from being depositional to being in an almost
equilibrium state (minimal change in the bed elevation). The two original connections to
the Tensaw and Apalachee Rivers become very depositional in the removed causeway
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configuration with deposition rates of 5 to 9 cm per year whereas the existing conditions
had little to no deposition for these channels. The majority of the remaining areas in
Chocolatta Bay experience slightly increased rates of deposition due to the increased
river inflows but still experience the same basic deposition patterns.
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METADATA FOR THE NOAA GEOPHYSICAL DATA
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NMMR Metadata gov.noaa.ngdc.mgg.dem:vdatum_al_mobile_navd88
Search NGDCSearch NOAA
NOAA > NESDIS > NGDC > Metadatacopyright, disclaimer, and privacy notices
NGDC Metadata HomePublished Metadata Records
Alternate Views:
XML files:FGDC RSENASA DIF
(NMMR Metadata gov.noaa.ngdc.mgg.dem:vdatum_al_mobile_navd88)
Digital Elevation Model of Mobile, Alabama, Integrating Bathymetric and
Topographic Datasets
Metadata from the NOAA Metadata Manager and Repository (NMMR)
Identification Information
Data Quality Information
Spatial Data Organization Information
Spatial Reference Information
Distribution Information
Metadata Reference Information
Identification Information:
Dataset Identifier:
gov.noaa.ngdc.mgg.dem:vdatum_al_mobile_navd88
Citation:
Citation Information:
Originator:
DOC/NOAA/NESDIS/NGDC > National Geophysical Data Center, NESDIS,
NOAA,
U.S. Department of Commerce
Publication Date:
20091201
Title:
Digital Elevation Model of Mobile, Alabama, Integrating Bathymetric and
Topographic Datasets
Edition:
First
Geospatial Data Presentation Form:
raster digital data
Series Information:
Series Name:
NOAA VDatum DEMs
Issue Identification:
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Mobile, Alabama NAVD 88
Publication Information:
Publication Place:
Boulder, Colorado
Publisher:
DOC/NOAA/NESDIS/NGDC > National Geophysical Data Center, NESDIS,
NOAA,
U.S. Department of Commerce
Download:
Mobile, AL 1/3 arc-second NAVD 88 DEM
Download page for accessing DEM, metadata record and development report.
More Information:
NOAA VDatum DEM Project
Project web page.
Larger Work Citation:
Citation Information:
Originator:
DOC/NOAA/NESDIS/NGDC > National Geophysical Data Center, NESDIS,
NOAA, U.S. Department of Commerce
Publication Date:
20091201
Title:
NOAA VDatum DEM Project
Geospatial Data Presentation Form:
Raster Digital Data
Series Information:
Series Name:
NOAA VDatum DEMs
Issue Identification:
Named by primary coastal city, state in DEM.
Publication Information:
Publication Place:
Boulder, Colorado
Publisher:
DOC/NOAA/NESDIS/NGDC > National Geophysical Data Center, NESDIS,
NOAA, U.S. Department of Commerce
More Information:
NOAA VDatum DEM Project
Project web page.
Description:
Abstract:
NOAA's National Geophysical Data Center (NGDC) is building high-resolution
digital elevation models (DEMs) for select U.S. coastal regions in the
Gulf of Mexico. These integrated bathymetric-topographic DEMs were
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developed for NOAA Coastal Survey Development Laboratory (CSDL) through
the American Recovery and Reinvestment Act (ARRA) of 2009 to evaluate the
utility of the Vertical Datum Transformation tool (VDatum), developed
jointly by NOAA's Office of Coast Survey (OCS), National Geodetic Survey
(NGS), and Center for Operational Oceanographic Products and Services
(CO-OPS).
Bathymetric, topographic, and shoreline data used in DEM compilation are
obtained from various sources, including NGDC, the U.S. Coastal Services
Center (CSC), the U.S. Office of Coast Survey (OCS), the U.S. Army Corps
of Engineers (USACE), and other federal, state, and local government
agencies, academic institutions, and private companies. DEMs are
referenced to the vertical tidal datum of North American Vertical Datum of
1988 (NAVD 88) or Mean High Water (MHW) and horizontal datum of North
American Datum of 1983 (NAD 83). Cell size ranges from 1/3 arc-second (~10
meters) to 1 arc-second (~30 meters).
The NOAA VDatum DEM Project was funded by the American Recovery and
Reinvestment Act (ARRA) of 2009 (http://www.recovery.gov/).
Purpose:
Developed for the Office of Coast Survey (OCS), NOAA Coastal Survey
Development Laboratory (CSDL) in support of NOAA's Vertical Datum
Transformation tool (VDatum).
Documentation:
User's Guide:
Citation Information:
Originator:
Christopher J. Amante
Originator:
Matthew R. Love
Originator:
Barry W. Eakins
Originator:
Lisa A. Taylor
Publication Date:
20100101
Title:
Digital Elevation Models of Mobile, Alabama: Procedures, Data
Sources, and Analysis
Publication Information:
Publication Place:
Boulder, CO
Publisher:
DOC/NOAA/NESDIS/NGDC > National Geophysical Data Center, NESDIS,
NOAA, U.S. Department of Commerce
Other Citation Details:
43 pages
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Download:
Digital Elevation Models of Mobile, Alabama: Procedures, Data
Sources and Analysis
Report describing the development of the Mobile, Alabama DEMs
Time Period of Content:
Time Period Information:
Range of Dates/Times:
Beginning Date:
1888
Ending Date:
2009
Currentness Reference:
ground condition
Status:
Progress:
Complete
Maintenance and Update Frequency:
As needed
Spatial Domain:
Bounding Coordinates:
West Bounding Coordinate:
-88.30
East Bounding Coordinate:
-87.65
North Bounding Coordinate:
31.00
South Bounding Coordinate:
30.00
Keywords:
Theme:
Theme Keyword Thesaurus:
NASA/GCMD Earth Science Keywords
Theme Keyword:
Earth Science > Oceans > Bathymetry/Seafloor Topography > Seafloor
Topography
Theme Keyword:
Earth Science > Oceans > Bathymetry/Seafloor Topography > Bathymetry
Theme Keyword:
Earth Science > Oceans > Bathymetry/Seafloor Topography > Water Depth
Theme Keyword:
Earth Science > Land Surface > Topography > Terrain Elevation
Theme Keyword:
Earth Science > Land Surface > Topography > Topographical Relief
Theme Keyword:
Earth Science > Oceans > Coastal Processes > Coastal Elevation
160

Theme:
Theme Keyword Thesaurus:
NASA/GCMD Platform Keywords
Theme Keyword:
DEM > Digital Elevation Model
Theme:
Theme Keyword Thesaurus:
NASA/GCMD Data Center Keywords
Theme Keyword:
DOC/NOAA/NESDIS/NGDC > National Geophysical Data Center, NESDIS,
NOAA,
U.S. Department of Commerce
Theme Keyword:
WDC/MGG, BOULDER > World Data Center for Marine Geology and Geophysics,
Boulder
Theme:
Theme Keyword Thesaurus:
NASA/GCMD Data Resolution Keywords
Theme Keyword:
H: 1 meter - < 30 meters
Theme Keyword:
V: < 1 meter
Theme:
Theme Keyword Thesaurus:
ISO 19115 Topic Category
Theme Keyword:
elevation
Theme:
Theme Keyword Thesaurus:
Uncontrolled
Theme Keyword:
Coastal Relief
Theme Keyword:
Gridded elevations
Theme Keyword:
Integrated bathymetry and topography
Place:
Place Keyword Thesaurus:
NASA/GCMD Location Keywords
Place Keyword:
Continent > North America > United States of America > Alabama
Place Keyword:
Ocean > Atlantic Ocean > Gulf of Mexico
Place Keyword:
Vertical Location > Land Surface
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Place Keyword:
Vertical Location > Sea Floor
Place:
Place Keyword Thesaurus:
Uncontrolled
Place Keyword:
Mobile
Place Keyword:
Mobile County
Place Keyword:
Baldwin County
Place Keyword:
Southern Alabama
Platform and Instrument Identification:
Mission Name:
NOAA VDatum DEM Project
Platform Full Name:
Digital Elevation Model
Platform Short Name:
DEM
Instrument Name:
Light Detection and Ranging
Instrument Short Name:
LIDAR
Platform and Instrument Identification:
Mission Name:
NOAA VDatum DEM Project
Platform Full Name:
Digital Elevation Model
Platform Short Name:
DEM
Instrument Name:
Sound Navigation and Ranging
Instrument Short Name:
SONAR
Access Constraints:
None.
Use Constraints:
Not to be used for navigational purposes.
Point of Contact:
Contact Information:
Contact Organization Primary:
Contact Organization:
DOC/NOAA/NESDIS/NGDC > National Geophysical Data Center, NESDIS,
NOAA,
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U.S. Department of Commerce
Contact Person:
Matthew R. Love
Contact Position:
Digital Elevation Model Developer
Contact Address:
Address Type:
mailing and physical address
Address:
325 Broadway, E/GC3
City:
Boulder
State or Province:
Colorado
Postal Code:
80305-3328
Country:
USA
Contact Voice Telephone:
303-497-4742
Contact Facsimile Telephone:
303-497-6513
Contact Electronic Mail Address:
Matthew.Love@noaa.gov
Hours of Service:
9am-5pm, M-F, Mountain Time
Contact Instructions:
Contact NGDC's Marine Geology and Geophysics Division.
http://www.ngdc.noaa.gov/mgg/aboutmgg/contacts.html
Browse Graphic:
Browse Graphic File Name:
http://www.ngdc.noaa.gov/mgg/image/inundation/vdatum/pers/mobile_al_1-3_arcsecond.jpg
Browse Graphic File Description:
Perspective view of DEM
Browse Graphic File Type:
JPEG
Native Data Set Environment:
Microsoft Windows 2000 Version 5.2 (Build 3790) Service Pack 2; ESRI
ArcCatalog 9.3.1.3000
Aggregation Information:
Container Packet ID:
Dataset Identifier:
gov.noaa.ngdc.mgg.dem:vdatum
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Data Quality Information:
Logical Consistency Report:
Datasets were visually compared internally and externally (with other
overlapping datasets and satellite images and maps) in ESRI ArcGIS for
identification of anomalous elevations or data inconsistencies. Where
elevation inconsistencies occurred, the most recent and/or highest
resolution data set was selected for use in that region. Elevations in the
older and/or lower-resolution datasets were deleted prior to building the
DEM.
Completeness Report:
NGDC made every effort to obtain all available digital topographic and
bathymetric datasets in the region for use in building the DEM.
Positional Accuracy:
Horizontal Positional Accuracy:
Horizontal Positional Accuracy Report:
The horizontal accuracy of bathymetric and topographic features in the
DEM is dependent upon the accuracy of the input datasets used to
determine corresponding cell values. Topography: 10 meters due to cell
size, 20 meters where SRTM contributes to cell value. Lidar: less than 5
meters. SRTM: 20 meters. DEM cell-value relative-contribution factors:
Mobile County, Baldwin County, and CSC Lidar: 10, Digitzed features: 10,
SRTM: 1. Bathymetry: 10 to several tens of meters. Positional accuracy
of input bathymetric datasets limits accuracy of corresponding cell
values in DEM. CSC Lidar: 0.75 meters. Early 20th-century NOS
hydrographic soundings are limited by sparseness of deep-water
soundings, and potentially large position accuracy of pre-satellite
(i.e., GPS) navigation: tens to several tens of meters. Morphologic
change in inland rivers and along the coast also degrades the positional
accuracy of DEM features. DEM cell-value relative-contribution factors:
CSC Lidar: 10, USACE hydrographic survey data: 10, NOS hydrographic
soundings: 10, Little Lagoon side scan sonar: 10, Digitized features:
10.
Vertical Positional Accuracy:
Vertical Positional Accuracy Report:
The vertical accuracy of bathymetric and topographic features in the DEM
is dependent upon the accuracy of the input datasets used to determine
corresponding cell values. Topography: 1 to 16 meters. Vertical accuracy
of input topographic datasets limits accuracy of corresponding cells in
DEM. Lidar: less than 1 meter, SRTM: 16 meters. DEM cell
relative-contribution factors: Mobile County, Baldwin County, and CSC
Lidar: 10, Digitized features: 10, SRTM: 1. Bathymetry: 0.1 meters to 5%
of water depth. Vertical accuracy of input bathymetric datasets limits
accuracy of corresponding cells in DEM. Early 20th-century NOS
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hydrographic soundings are limited by sparseness of deep-water
soundings, and potentially large position accuracy of pre-satellite
(i.e., GPS) navigation: several meters. DEM cell relative-contribution
factors: CSC Lidar: 10, USACE hydrographic survey data: 10, NOS
hydrographic soundings: 10, Little Lagoon side scan sonar: 10, Digitized
features: 10. Gridding interpolation to determine cell values between
sparse NOS hydrographic soundings in deep water degrades the vertical
accuracy of deep-water elevations.
Lineage:
Source Information:
Source Citation:
Citation Information:
Originator:
DOC/NOAA/NOS/OCS/CSDL > Coastal Survey Development Laboratory, OCS,
NOS, NOAA, U.S. Department of Commerce
Publication Date:
2009
Title:
NOS Hydrographic Surveys
CSDL non-superceded NOS Hydrographic Survey Database
Digital database of non-superceded NOS hydrographic surveys that
date back to the late 19th century.
Type of Source Media:
digital files via FTP
Source Time Period of Content:
Time Period Information:
Range of Dates/Times:
Beginning Date:
1888
Ending Date:
2001
Source Currentness Reference:
ground condition
Source Citation Abbreviation:
NOS Hydrographic Surveys
Source Contribution:
Hydrographic surveys provided to NGDC by CSDL
Source Information:
Source Citation:
Citation Information:
Originator:
U.S. Army Corps of Engineers, Mobile District
Publication Date:
2009
Title:
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USACE Hydrographic Surveys
Download:
USACE Mobile District Hydrographic Surveys
Digital database of hydrographic surveys in Mobile District
Type of Source Media:
online
Source Time Period of Content:
Time Period Information:
Single Date/Time:
Calendar Date:
2009
Source Currentness Reference:
ground condition
Source Citation Abbreviation:
USACE Hydrographic Surveys
Source Contribution:
Hydrographic surveys for Mobile Bay and Mississippi Sound
Source Information:
Source Citation:
Citation Information:
Originator:
City of Gulf Shores, AL, Coastal Monitoring Program, administered by
Olsen Associates, Inc., Jacksonville, FL.
Publication Date:
2008
Title:
Little Lagoon Side Scan Sonar Surveys
Little Lagoon side scan sonar surveys
Mosaic of side scan sonar surveys of Little Lagoon
Type of Source Media:
digital files via FTP
Source Time Period of Content:
Time Period Information:
Single Date/Time:
Calendar Date:
2008
Source Currentness Reference:
ground condition
Source Citation Abbreviation:
City of Gulf Shores side scan sonar
Source Contribution:
Mosaic of side scan sonar surveys of Little Lagoon
Source Information:
Source Citation:
Citation Information:
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Originator:
DOC/NOAA/NOS/CSC > Coastal Services Center, National Ocean Service,
NOAA, U.S. Department of Commerce
Publication Date:
2005
Title:
NOAA Coastal Services Center Coastal Bathymetric-Topographic Lidar
Download:
2005 USACE Post-Hurricane Katrina Topographic/Bathymetric Mapping
CSC coastal bathymetric-topographic Lidar
Type of Source Media:
online
Source Time Period of Content:
Time Period Information:
Single Date/Time:
Calendar Date:
2005
Source Currentness Reference:
ground condition
Source Citation Abbreviation:
NOAA Coastal Services Center Lidar
Source Contribution:
coastal lidar
Source Information:
Source Citation:
Citation Information:
Originator:
DOC/NOAA/NOS/NGS > National Geodetic Survey, National Ocean Service,
NOAA, U.S Department of Commerce
Publication Date:
2001
Title:
Composite Shoreline and associated data of Alabama State Composite,
AL_COMP
Download:
Composite Shoreline and associated data of Alabama State Composite,
AL_COMP
The shoreline and associated data are a representation based on an
office interpretation of imagery at the time of photographs taken
19780101 to 19860301.
Type of Source Media:
online
Source Time Period of Content:
Time Period Information:
Range of Dates/Times:
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Beginning Date:
1978
Ending Date:
1986
Source Currentness Reference:
ground condition
Source Citation Abbreviation:
Composite Shoreline and associated data of Alabama State Composite,
AL_COMP
Source Contribution:
composite shoreline downloaded from web site.
Source Information:
Source Citation:
Citation Information:
Originator:
Mobile County Engineering Department
Publication Date:
2002
Title:
Mobile County topographic lidar
Type of Source Media:
digital files via FTP
Source Time Period of Content:
Time Period Information:
Single Date/Time:
Calendar Date:
2002
Source Currentness Reference:
publication date
Source Citation Abbreviation:
Lidar topography for Mobile County
Source Contribution:
topographic lidar
Source Information:
Source Citation:
Citation Information:
Originator:
Baldwin County Geographic Information Systems (GIS) Department
Publication Date:
2001
Title:
Baldwin County topographic lidar
Type of Source Media:
digital files via FTP
Source Time Period of Content:
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Time Period Information:
Single Date/Time:
Calendar Date:
2001
Source Currentness Reference:
publication date
Source Citation Abbreviation:
Lidar topography for Baldwin County
Source Contribution:
topographic lidar
Source Information:
Source Citation:
Citation Information:
Originator:
NASA > National Aeronautics and Space Administration
Publication Date:
2008
Title:
Shuttle Radar Topography Mission (SRTM)
Download:
Shuttle Radar Topography Mission
global topography
Type of Source Media:
online
Source Time Period of Content:
Time Period Information:
Single Date/Time:
Calendar Date:
2000
Source Currentness Reference:
publication date
Source Citation Abbreviation:
NASA SRTM topography
Source Contribution:
downloaded from web site.
Process Step:
Process Description:
All datasets obtained by NGDC were converted to common horizontal and
vertical datums of NAD 83 geographic and NAVD 88, respectively, using
FME and VDatum transformation tool. They were also converted to common
file format, ESRI point shapefiles, for visualization and inspection.
Process Date:
20090828
Process Contact:
Contact Information:
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Contact Organization Primary:
Contact Organization:
DOC/NOAA/NESDIS/NGDC > National Geophysical Data Center, NESDIS,
NOAA, U.S. Department of Commerce
Contact Person:
Matthew R. Love
Contact Position:
Digital Elevation Model Developer
Contact Address:
Address Type:
mailing and physical address
Address:
325 Broadway, E/GC3
City:
Boulder
State or Province:
Colorado
Postal Code:
80305-3328
Country:
USA
Contact Voice Telephone:
303-497-4742
Contact Facsimile Telephone:
303-497-6513
Contact Electronic Mail Address:
Matthew.Love@noaa.gov
Hours of Service:
9am-5pm, M-F, Mountain Time
Contact Instructions:
Contact NGDC's Marine Geology and Geophysics Division.
http://www.ngdc.noaa.gov/mgg/aboutmgg/contacts.html
Process Step:
Process Description:
Datasets were visually inspected with ArcGIS for identification and
editing of data anomalies. Datasets were then compared with overlapping
datasets to ensure data consistency.
Process Date:
20090910
Process Step:
Process Description:
Coastline datasets were merged and adjusted to fit satellite imagery.
Process Date:
20090924
Process Step:
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Process Description:
xyz files of the bathymetric data were surfaced using GMT's 'surface'
tool onto a 1 arc-second grid outside Mobile Bay and 1/3 arc-second
within the bay that interpolated to fill empty cells. Points extracted
every 10 meters along the coastline were also included to ensure that
the bathymetric grid reached zero at the coast. The resulting Arc ASCII
grid was imported into ArcGIS and clipped to the coastline to remove
values over land.
Process Date:
20091014
Process Step:
Process Description:
xyz files for each input dataset were gridded using MB-System's 'mbgrid'
tool, which utilizes a high-tension spline interpolation method to fill
grid cells with no input elevation values. Preferential weighting was
given to more recent, higher-accuracy datasets. Gridding was performed
in quadrants, each with a 5% data buffer. The grids were imported in
ArcGIS and seamlessly merged to create the final DEM.
Process Date:
20091023
Process Step:
Process Description:
The NAVD 88 DEM was quantitatively evaluated by comparing with source
datasets and with elevation values extracted from NGS geodetic
monuments. It was visually evaluated by converting to UTM-zone
coordinates (units of meters horizontally and vertically) and then
creating a slope grid to identify gridding artifacts in the DEM.
Process Date:
20091117
top
Spatial Data Organization Information:
Direct Spatial Reference Method:
Raster
Raster Object Information:
Cell Value Type:
ASCII text
Raster Object Type:
Grid Cell
Row Count:
10801
Column Count:
7021
Vertical Count:
1
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Spatial Reference Information:
Horizontal Coordinate System Definition:
Geographic:
Latitude Resolution:
0.00009259259
Longitude Resolution:
0.00009259259
Geographic Coordinate Units:
Decimal degrees
Geodetic Model:
Horizontal Datum Name:
D_North_American_1983
Ellipsoid Name:
GRS_80
Semi-major Axis:
6378137.000000
Denominator of Flattening Ratio:
298.257222
Vertical Coordinate System Definition:
Altitude System Definition:
Altitude Datum Name:
NAVD 88
Altitude Resolution:
0.01
Altitude Distance Units:
meters
Altitude Encoding Method:
Explicit elevation coordinate included with horizontal coordinates
Depth System Definition:
Depth Datum Name:
NAVD 88
Depth Resolution:
0.01
Depth Distance Units:
meters
Depth Encoding Method:
Explicit depth coordinate included with horizontal coordinates
top
Distribution Information:
Distributor:
Contact Information:
Contact Organization Primary:
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Contact Organization:
DOC/NOAA/NESDIS/NGDC > National Geophysical Data Center, NESDIS,
NOAA,
U.S. Department of Commerce
Contact Person:
Matthew R. Love
Contact Position:
Digital Elevation Model Developer
Contact Address:
Address Type:
mailing and physical address
Address:
325 Broadway, E/GC3
City:
Boulder
State or Province:
Colorado
Postal Code:
80305-3328
Country:
USA
Contact Voice Telephone:
303-497-4742
Contact Facsimile Telephone:
303-497-6513
Contact Electronic Mail Address:
Matthew.Love@noaa.gov
Hours of Service:
9am-5pm, M-F, Mountain Time
Contact Instructions:
Contact NGDC's Marine Geology and Geophysics Division.
http://www.ngdc.noaa.gov/mgg/aboutmgg/contacts.html
Resource Description:
Downloadable Data
Distribution Liability:
While every effort has been made to ensure that these data are accurate and
reliable within the limits of the current state of the art, NOAA cannot
assume liability for any damages caused by any errors or omissions in the
data, nor as a result of the failure of the data to function on a particular
system. NOAA makes no warranty, expressed or implied, nor does the fact of
distribution constitute such a warranty.
Standard Order Process:
Digital Form:
Digital Transfer Information:
Format Name:
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ESRI Arc ASCII
Format Version Number:
1
Format Specification:
ASCII text version of ESRI ArcGIS raster format
File Decompression Technique:
WINZIP
Transfer Size:
297011000
Digital Transfer Option:
Online Option:
Computer Contact Information:
Network Address:
Network Resource Name:
http://www.ngdc.noaa.gov/mgg/inundation/vdatum/data/mobile_al/mobile_al_1-3_arcsecond_navd_88_ascii.zip
Download:
Mobile, AL 1/3 arc-second NAVD 88 Arc ASCII DEM
DEM, metadata and Readme file for the Mobile, AL DEM.
More Information:
Mobile, AL 1/3 arc-second NAVD 88 DEM
Download page for accessing DEM, metadata record and development
report.
Digital Form:
Digital Transfer Information:
Format Name:
netCDF
Format Version Number:
3.6.2
File Decompression Technique:
WINZIP
Transfer Size:
229122000
Digital Transfer Option:
Online Option:
Computer Contact Information:
Network Address:
Network Resource Name:
http://www.ngdc.noaa.gov/mgg/inundation/vdatum/data/mobile_al/mobile_al_1-3_arcsecond_navd_88_netcdf.zip
Download:
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Mobile, AL 1/3 arc-second NAVD 88 netCDF DEM
DEM, metadata and Readme file for the Mobile, AL DEM.
More Information:
Mobile, AL 1/3 arc-second NAVD 88 DEM
Download page for accessing DEM, metadata record and development
report.
Fees:
None
top
Metadata Reference Information:
Metadata Date:
20100127
Metadata Contact:
Contact Information:
Contact Organization Primary:
Contact Organization:
DOC/NOAA/NESDIS/NGDC > National Geophysical Data Center, NESDIS,
NOAA,
U.S. Department of Commerce
Contact Person:
Matthew R. Love
Contact Position:
Digital Elevation Model Developer
Contact Address:
Address Type:
mailing and physical address
Address:
325 Broadway, E/GC3
City:
Boulder
State or Province:
Colorado
Postal Code:
80305-3328
Country:
USA
Contact Voice Telephone:
303-497-4742
Contact Facsimile Telephone:
303-497-6513
Contact Electronic Mail Address:
Matthew.Love@noaa.gov
Hours of Service:
9am-5pm, M-F, Mountain Time
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Contact Instructions:
Contact NGDC's Marine Geology and Geophysics Division.
http://www.ngdc.noaa.gov/mgg/aboutmgg/contacts.html
Metadata Standard Name:
Content Standard for Digital Geospatial Metadata: Extensions for Remote
Sensing Metadata
Metadata Standard Version:
FGDC-STD-012-2002
Metadata Time Convention:
local time
top
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APPENDIX B
WIND DATA GAPS
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Table 16
Gaps in wind data and gages used to fill those gaps
Gage

Start Gap

End of Gap

mhpa1
mhpa1
mhpa1
mhpa1
mhpa1
mhpa1
mcga1
mcga1
mcga1
mcga1
mbla1
mbla1
mbla1
mbla1
mbla1
mbla1
mbla1
mbla1
fm0a1
fm0a1
fm0a1
fm0a1
fm0a1
dpia1
gdxm6
gdxm6
gdxm6
gdxm6
gdxm6
gdxm6
gdxm6
gdxm6
gdxm6
gdxm6
gdxm6
gdxm6

8/30/2008 23:30
10/29/2009 12:30
12/24/2009 22:00
1/3/2010 6:00
5/22/2010 12:30
6/2/2010 3:30
1/1/2008 0:00
4/7/2009 22:12
4/8/2009 14:36
9/24/2010 21:30
2/1/2008 19:00
5/4/2008 22:00
8/30/2008 23:30
1/16/2009 4:00
10/29/2009 1:00
12/21/2009 8:00
3/4/2010 10:30
4/30/2010 23:30
1/1/2008 0:00
6/16/2009 17:12
2/28/2010 22:30
8/23/2010 16:42
9/24/2010 21:30
no gaps in data
1/7/2008 16:45
11/26/2009 23:45
12/11/2009 19:45
12/17/2009 14:45
12/20/2009 13:45
12/25/2009 6:45
12/31/2009 22:45
1/8/2010 9:45
4/22/2010 23:45
6/4/2010 18:45
8/8/2010 21:45
8/9/2010 13:45

9/12/2008 13:00
11/1/2009 14:30
1/1/2010 6:30
1/4/2010 23:00
5/23/2010 13:00
6/4/2010 6:30
6/25/2009 18:00
4/8/2009 0:54
4/9/2009 13:24
9/26/2010 1:42
2/11/2008 22:00
6/7/2008 0:00
9/16/2008 0:00
1/18/2009 5:00
11/2/2009 2:00
1/14/2010 21:00
3/10/2010 20:30
6/1/2010 0:30
10/1/2008 0:00
6/17/2009 18:48
3/1/2010 14:00
8/25/2010 14:48
9/26/2010 2:18
no gaps in data
1/8/2008 15:00
11/27/2009 21:00
12/14/2009 11:00
12/18/2009 15:00
12/21/2009 16:00
12/30/2009 0:00
1/1/2010 14:00
1/12/2010 0:00
4/23/2010 18:00
6/5/2010 18:00
8/9/2010 14:00
8/10/2010 19:00
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Gage used to
fill the Gap
mcga1
mcga1
mcga1
mcga1
mcga1
mcga1
mhpa1
mhpa1
mhpa1
mhpa1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
N/A
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1
dpia1

Table 16 (continued)
gdxm6
gdxm6
gdxm6
gdxm6
gdxm6

8/11/2010 20:45
8/12/2010 10:45
8/18/2010 20:45
8/30/2010 14:45
11/26/2010 19:45

8/12/2010 22:00
8/18/2010 15:00
8/30/2010 13:00
11/1/2010 15:00
11/27/2010 17:00
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dpia1
dpia1
dpia1
dpia1
dpia1

APPENDIX C
DESCRIPTION OF THE ADAPTIVE HYDRAULICS (ADH) MODEL
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AdH is a state-of-the-art code developed by the U.S. Army Engineering Research
and Development Center (ERDC) to simulate both saturated and unsaturated
groundwater, overland flow, three-dimensional Navier-Stokes flow, and two- or threedimensional shallow water problems (Berger, et al., 2010).
The 2D shallow-water equations are a result of the vertical integration of the
equations of mass and momentum conservation for incompressible flow under the
hydrostatic pressure assumption (Berger and Lee, 2004). Written in conservative form,
the 2D shallow water equations are:
𝜕𝑼
𝜕𝑡
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where 𝜌 is the fluid density, 𝑔 is the gravitational acceleration, 𝑧𝑏 is the bed elevation,

𝜏𝑏𝑒𝑑𝑖 is the bed shear stress drag where the subscript (𝑖) indicates the direction (𝑥 and 𝑦),
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is the flow depth, 𝑢 is the x component of velocity, 𝑣 is the 𝑦 component of velocity,

and the 𝜎 's are the the Reynolds stresses due to turbulence, where the first subscript

indicates the direction, and the second indicates the face on which the stress acts.

The Reynolds stresses are determined using the Boussinesq approach to the
gradient in the mean currents:
𝜎𝑥𝑥 = 2𝜌𝑣𝑡

𝜎𝑦𝑦 = 2𝜌𝑣𝑡
and

𝜕𝑢

(17)
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(19)

where 𝑣𝑡 = kinematic eddy viscosity (which varies spatially).

The AdH shallow-water equations are placed in conservative form to ensure mass

balance and balance of momentum and pressure across an interface. This results in a
locally mass conservative model (Berger and Howington, 2002).
The equations are coded in a finite element approach with the velocities and depth
being represented as linear polynomials on each element. AdH utilizes a streamlineupwind Petrov-Galerkin (SUPG) scheme similar to that reported in Berger and Stockstill
(1995) and patterned after previous work by; Hughes and Brooks (1982), Moretti (1979),
Gabutti (1983), and Steger and Warming (1981). Since the finite element scheme is not
the primary focus of this paper, a more in-depth description of this method is omitted.
AdH contains other essential features such as wetting and drying, completely
coupled sediment and salt transport, and wind effects. A series of modularized libraries
make it possible for AdH to include vessel movement, friction descriptions, as well as a
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host of other features. AdH can run in parallel or on a single processor and runs on both
Windows systems and UNIX based systems.
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APPENDIX D

WATER SURFACE ELEVATION COMPARISONS FOR 2010
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Figure 156
State Docks (NOAA) model versus field comparisons for 2010
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Figure 157
Coast Guard (NOAA) model versus field comparisons for 2010

186

Figure 158
McNally (SAM) model versus field comparisons for 2010
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Figure 159
Middle Bay (SAM) model versus field comparisons for 2010
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Figure 160
Weeks Bay (NOAA) model versus field comparisons for 2010
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Figure 161
Dauphin Island (SAM) model versus field comparisons for 2010
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Figure 162
Dauphin Island (NOAA) model versus field comparisons for 2010
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Table 17
Water Surface Elevation Skill Values for 2010
Root Mean
NashCorrelation
Willmott
Square Error,
Sutcliffe
Coefficient Coefficient
meters
Coefficient
(1 = Direct (1 = Perfect
(0 = Perfect (1 = Perfect
Correlation) Replication)
Replication) Replication)

Gage Name

Origin
of
Data

State Docks

NOAA

0.05

0.96

0.98

0.99

Coast Guard

NOAA

0.05

0.96

0.98

0.99

McNally

SAM

0.13

0.76

0.88

0.94

Middle Bay

SAM

0.06

0.95

0.98

0.99

Weeks Bay

NOAA

0.05

0.96

0.98

0.99

Dauphin Island

SAM

0.15

0.63

0.80

0.89

0.04

0.97

0.99

0.99

Average

0.08

0.88

0.94

0.97

Median

0.05

0.96

0.98

0.99

Dauphin Island NOAA
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DISCHARGE COMPARISONS FOR 2010
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Table 18
Discharge Skill Values for 2010

Gage Name

Origin
of
Data

Root Mean
Square Error,
cms
(0 = Perfect
Replication)

NashSutcliffe
Coefficient
(1 = Perfect
Replication)

Correlation
Coefficient
(1 = Direct
Correlation)

Willmott
Coefficient
(1 = Perfect
Replication)

Mobile
River

USGS

77

0.98

0.99

0.99

Tensaw
River

USGS

62

0.98

1.00

1.00

Table 19
Maximum, Minimum, and Mean Discharge Comparisons for 2010

Gage Name

Origin of
Data

Model (Field)
Mean, cms

Model (Field)
Max, cms

Model (Field) Min,
cms

Mobile River

USGS

588 (638)

1,747 (1,795)

-81 (30)

Tensaw River

USGS

625 (568)

1,799 (1,756)

65 (46)
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Figure 163
Mobile River (USGS) model versus field comparisons for 2010
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Figure 164
Tensaw River (USGS) model versus field comparisons for 2010
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APPENDIX F

POINT COMPARISONS FOR 2010
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Figure 165
Water surface elevation comparisons for point 1 for 2010

Figure 166
Silt concentration comparisons for point 1 for 2010
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Figure 167
Bed shear stress comparisons for point 1 for 2010

Figure 168
Water surface elevation comparisons for point 2 for 2010
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Figure 169
Silt concentration comparisons for point 2 for 2010

Figure 170
Bed shear comparisons for point 2 for 2010
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Figure 171
Water surface elevation comparisons for point 3 for 2010

Figure 172
Silt concentration comparisons for point 3 for 2010
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Figure 173
Bed shear stress comparisons for point 3 for 2010

Figure 174
Water surface elevation comparisons for point 4 for 2010
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Figure 175
Silt concentration comparisons for point 4 for 2010

Figure 176
Bed shear stress comparisons for point 4 for 2010
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Figure 177
Water surface elevation comparisons for point 5 for 2010

Figure 178
Silt concentration comparisons for point 5 for 2010
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Figure 179
Bed shear stress comparisons for point 5 for 2010

Figure 180\
Water surface elevation comparisons for point 6 for 2010
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Figure 181
Silt concentration comparisons for point 6 for 2010

Figure 182
Bed shear stress comparisons for point 6 for 2010
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Figure 183
Water surface elevation comparisons for point 7 for 2010

Figure 184
Silt concentration comparisons for point 7 for 2010
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Figure 185
Bed shear stress comparisons for point 7 for 2010

Figure 186
Water surface elevation comparisons for point 8 for 2010
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Figure 187
Silt concentration comparisons for point 8 for 2010

Figure 188
Bed shear stress comparisons for point 8 for 2010
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Figure 189
Water surface elevation comparisons for point 9 for 2010

Figure 190
Silt concentration comparisons for point 9 for 2010
210

Figure 191
Bed shear stress comparisons for point 9 for 2010

Figure 192
Water surface elevation comparisons for point 10 for 2010
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Figure 193
Silt concentration comparisons for point 10 for 2010

Figure 194
Bed shear stress comparisons for point 10 for 2010
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Figure 195
Water surface elevation comparisons for point 11 for 2010

Figure 196
Silt concentration comparisons for point 11 for 2010
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Figure 197
Bed shear stress comparisons for point 11 for 2010

Figure 198
Water surface elevation comparisons for point 12 for 2010
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Figure 199
Silt concentration comparisons for point 12 for 2010

Figure 200
Bed shear stress comparisons for point 12 for 2010
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Figure 201
Water surface elevation comparisons for point 13 for 2010

Figure 202
Silt concentration comparisons for point 13 for 2010
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Figure 203
Bed shear stress comparisons for point 13 for 2010

Figure 204
Water surface elevation comparisons for point 14 for 2010
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Figure 205
Silt concentration comparisons for point 14 for 2010

Figure 206
Bed shear stress comparisons for point 14 for 2010
218

Figure 207
Water surface elevation comparisons for point 15 for 2010

Figure 208
Silt concentration comparisons for point 15 for 2010
219

Figure 209
Bed shear stress comparisons for point 15 for 2010

Figure 210
Water surface elevation comparisons for point 16 for 2010
220

Figure 211
Silt concentration comparisons for point 16 for 2010

Figure 212
Bed shear stress comparisons for point 16 for 2010
221

Figure 213
Water surface elevation comparisons for point 17 for 2010

Figure 214
Silt concentration comparisons for point 17 for 2010
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Figure 215
Bed shear stress comparisons for point 17 for 2010

Figure 216
Water surface elevation comparisons for point 18 for 2010
223

Figure 217
Silt concentration comparisons for point 18 for 2010

Figure 218
Bed shear stress comparisons for point 18 for 2010
224

Table 20
Point comparisons for 18 locations for 2010 (removed causeway values)

Point

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Min
WSE,
Meters

Mean
WSE,
Meters

Max
WSE,
Meters

Mean Silt
Con, ppt

Max Silt
Con, ppt

-0.56
(-0.62)
-0.61
(-0.68)
-0.56
(-0.64)
-0.77
(-0.80)
-0.56
(-0.64)
-0.55
(-0.66)
-0.55
(-0.63)
-0.53
(-0.56)
-0.67
(-0.70)
-0.54
(-0.54)
-0.56
(-0.56)
-0.64
(-0.63)
-0.69
(-0.72)
-0.65
(-0.62)
-0.75
(-0.78)

0.28
(0.27)
0.24
(0.22)
0.31
(0.28)
0.13
(0.14)
0.31
(0.28)
0.30
(0.24)
0.30
(0.28)
0.33
(0.31)
0.23
(0.21)
0.37
(0.37)
0.34
(0.34)
0.27
(0.26)
0.21
(0.17)
0.27
(0.28)
0.13
(0.10)

1.11
(1.09)
1.08
(1.05)
1.14
(1.11)
0.99
(1.00)
1.14
(1.11)
1.12
(1.07)
1.13
(1.10)
1.15
(1.14)
1.07
(1.06)
1.18
(1.18)
1.14
(1.14)
1.08
(1.09)
1.04
(1.01)
1.09
(1.10)
0.96
(0.94)

11.0
(10.3)
13.7
(15.1)
3.5
(7.1)
24.3
(28.9)
3.0
(7.4)
4.3
(11.9)
5.2
(7.1)
2.7
(4.2)
19.2
(20.3)
34.8
(34.8)
34.7
(34.7)
31.6
(31.7)
23.6
(26.1)
9.3
(7.0)
17.9
(16.5)

137.1
(134.0)
127.9
(129.9)
108.7
(128.4)
151.2
(155.0)
109.6
(133.6)
134.6
(147.1)
98.5
(128.2)
111.9
(123.4)
157.0
(157.3)
149.8
(149.4)
152.1
(151.7)
149.8
(149.6)
136.6
(150.4)
118.6
(127.7)
132.8
(134.6)
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Mean
Bed
Shear,
Pa
0.070
(0.071)
0.066
(0.071)
0.062
(0.063)
0.065
(0.072)
0.063
(0.064)
0.067
(0.065)
0.063
(0.068)
0.063
(0.063)
0.062
(0.063)
0.137
(0.135)
0.101
(0.098)
0.122
(0.108)
0.080
(0.070)
0.067
(0.086)
0.063
(0.047)

Max
Bed
Shear,
Pa
0.506
(0.588)
0.499
(0.552)
0.495
(0.488)
0.504
(0.536)
0.495
(0.498)
0.516
(0.499)
0.496
(0.540)
0.497
(0.488)
0.493
(0.486)
0.604
(0.597)
0.491
(0.476)
0.808
(0.715)
0.686
(0.587)
0.534
(0.734)
0.651
(0.466)

Table 20 (continued)
16
17
18

-0.96
(-1.01)
-0.59
(-0.59)
-0.56
(-0.57)

-0.06
(-0.11)
0.30
(0.29)
0.33
(0.33)

0.82
(0.78)
1.12
(1.12)
1.16
(1.15)

28.8
(28.6)
32.6
(32.9)
33.5
(33.5)

226

152.8
(151.5)
153.2
(152.7)
154.2
(153.9)

0.030
(0.025)
0.153
(0.139)
0.437
(0.417)

0.191
(0.162)
0.958
(0.888)
2.278
(2.343)

APPENDIX G

DISCHARGE COMPARISONS FOR 18 TRANSECTS FOR 2010
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Figure 219
Discharge comparisons for transect 1 for 2010

Figure 220
Discharge comparisons for transect 2 for 2010
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Figure 221
Discharge comparisons for transect 3 for 2010

Figure 222
Discharge comparisons for transect 4 for 2010
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Figure 223
Discharge comparisons for transect 5 for 2010

Figure 224
Discharge comparisons for transect 6 for 2010
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Figure 225
Discharge comparisons for transect 7 for 2010

Figure 226
Discharge comparisons for transect 8 for 2010
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Figure 227
Discharge comparisons for transect 9 for 2010

Figure 228
Discharge comparisons for transect 10 for 2010
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Figure 229
Discharge comparisons for transect 11 for 2010

Figure 230
Discharge comparisons for transect 12 for 2010
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Figure 231
Discharge comparisons for transect 13 for 2010

Figure 232
Discharge comparisons for transect 14 for 2010
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Figure 233
Discharge comparisons for transect 15 for 2010

Figure 234
Discharge comparisons for transect 16 for 2010
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Figure 235
Discharge comparisons for transect 17 for 2010

Figure 236
Discharge comparisons for transect 18 for 2010
236

Figure 237
Discharge comparisons for transect 19 for 2010

Table 21
Discharge comparisons for 19 transects for 2010 (removed causeway values)
Transect
Number
1
2
3
4
5
6

Minimum
Discharge,
cms
-2280
(-2282)
-1106
(-1106)
-2182
(-2189)
-372
(-364)
-1360
(-1355)
-1567
(-1536)
237

Mean
Discharge,
cms
-733
(-733)
-371
(-371)
-713
(-714)
-92
(-90)
-388
(-386)
-507
(-504)

Maximum
Discharge,
cms
807
(822)
290
(291)
893
(914)
207
(203)
656
(645)
773
(726)

Table 21 (continued)
7
8
9
10
11
12
13
14
15
16
17
18
19

-1287
(-1253)
-824
(-619)
-202
(-24)
-59
(-128)
-12
(-5)
-68
(-65)
-53
(-84)
-537
(-483)
-131
(-100)
-1994
(-1696)
-829
(-859)
-1628
(-1607)
0
(-494)

-363
(-360)
-177
(-149)
-23
(6)
30
(34)
11
(12)
-19
(-22)
-10
(-19)
-132
(-126)
18
(-15)
-311
(-273)
-144
(-146)
-359
(-354)
0
(75)

238

737
(701)
515
(359)
149
(35)
130
(195)
46
(44)
27
(33)
27
(54)
311
(255)
185
(68)
1294
(1066)
528
(535)
959
(934)
0
(698)

APPENDIX H

DEPOSITION PATTERNS FOR 2010
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Figure 238
Existing conditions bed displacement for 2010
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Figure 239
Causeway removed bed displacement for 2010

241

Figure 240
Causeway removed minus existing conditions bed displacement for 2010
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APPENDIX I

IMPACT OF WIND WAVES FOR 2010
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(a)

(b)
Figure 241
Average shear stresses for 2010 for the existing conditions

(a) Exclusion of the wind wave impacts to the shear stresses
(b) Inclusion of the wind wave impacts to the shear stresses

(a)

(b)
Figure 242
Deposition patterns for the existing conditions for 2010

(a) Exclusion of the wind wave impacts to the shear stresses
(b) Inclusion of the wind wave impacts to the shear stresses
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(a)

(b)
Figure 243
Deposition patterns for the removed causeway conditions for 2010

(a) Exclusion of the wind wave impacts on the shear stresses
(b) Inclusion of the wind wave impacts to the shear stresses

(a)

(b)
Figure 244
Change in deposition patterns due to the wind waves for 2010

(c) Existing conditions configuration
(d) Removed causeway configuration
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(a)

(b)
Figure 245
Change in bed displacement (alternative - existing) two configurations

(a) Exclusion of the wind wave impacts
(b) Inclusion of the wind wave impacts
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